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Jhi‘  rrsulJii  t'J  lo  Jf'lixnutu*  ^Io^lTlnn  lodds  lo  t.itTdnuj  pitch  motion  dre  pfO- 

ccntcii  A f fliilivi'ly  lonq  tonk  mod«*l  is  consultM t’d.  and  loads  rue  ineasuri’d  on  a (!eck 
ttnnsvcrse  anti  .i  liansvcrio  bulkhe.ul  A senes  of  tests  .irt*  pnrioinx'd  with  difftucnt  pitch 
excitations,  rcpusentmq  a i.utp?  Vcwiety  of  shoit  terni  sea  st<Tles  Ihe  sfiott  lefiii  lesults  aic 
combuTcd  to  pive  (onq-tcnn  distrihutiOf»s  foi  slosfunq  loads 
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llu?  dt  (ad  sfn/ttcind  desigf)  of  the  inleise(  tion  hetwi'en  longitudinal  stiffener  and  a tians- 
vt'fse  qirdcf  has  been  antilyscd  by  the  finite  elemeiH  method  Stiess  concentration  factors 
fire  given  for  alternative  designs  together  with  pfartical  design  lecomrnerTdations 


Hull  response  to  hydrodynamic  forces  on  bow  flare 


By  Sverre  Gran,  Harald  Olsen  and  Finn  Tellsgard, 
Research  Division,  Det-norsko  Veritas 


A smiplifu'd  model  and  procedure  is  employtul  to  estimate  hydrodynamic  forces  on  a bow 
with  large  flare,  and  Ihe  resulting  vcrt-cal  hending  moment  along  a ship  hull  The  dynamic 
amplification  due  lo  hull  flexibility  is  considered  and  the  effect  appears  to  be  significarit  for 
loads  with  the  predicted  magnitude  and  duration  (f  ? — ? sec  ).  It  is  suggested  (hat  the  short 
term  dislr ilxition  of  loads  arTd  sliesses  due  to  bow  flare  impact  Cfin  be  described  by  Woibull 
probability  dislr ibutions. 

Ihe  mlluence  of  sh'p  spe  eti  c.ud  sea  slate  on  the  loads  and  responses  are  investigated  to 
r rime  extiMit,  and  it  is  concluded  that  the  influence  of  ship  speed  is  relatively  much  stronger 
■ It  severe  sea  sl.iles 
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Iloshing  loads  due  to  random  pitch  motion 


I, 111  i\!,itni:.-.'ri,  i lujmt'fi.  ii.‘,-nMn'h  Divisuui, 

I li't  lux  skt"  Vi’nt^is 


Abstract 

i'hi'  rr-siilts  t»t  iiioih‘1  to  ih'trrniiiii*  shisliini;  duo  to  r:tii<loio 

pit*  li  iiiotioii  Air  prt'sontod.  A r(d:itiN<'i>  hoi;;  tank  iiiodid  is  ronsidt^rnl, 
and  loaiis  an*  int*asurod  on  a <to(-k  Iraiisvrrst*  and  a traiisvorso  Initk- 
hoad.  A sorios  td  tests  are  pt'iliiriinMl  uith  dilforont  pileli  «‘\ritations. 
represont in;;  a lar;;**  \ariot\  slnirt-tiTin  si*a  states.  'I'lie  stiorl-terni 
n'sidts  art*  t'i»nd»iiied  t«)  i;i\t*  l«Mi*^-t<*rin  tlist rihut itois  lor  sltistiini;  IttatN. 


1.  Introduction 

\ pn  ii'tpusdi  I'tM'  the  « I'heient  desieji  I't'  ^dup  strne- 
tiifi  s IS  an  aeeurate  Uno\vleil;:e  of  tin*  l>>ails  to  wtiieh 
the  sfMielmes  Will  he  exposed  One  type  of  struetii- 
ral  h>a»l  is  i-anseil  !*>  inpinl  sk'slnn*;  in  partially- 
iilU'il  tanks  Sat  isfaetory  analytie  nntlnMls  fm*  tin* 
1 aleidatnui  t>t'  sloshini:  loa«is  ai’e  ni>l  availaldt*.  sltisli- 
in;.;  n;  lht*n'fitre  tnainl\’  invest  n;ated  l>y  means  of 
nnwlfl  tests  Met  iu>iske  X'entas  has  ifeeidly  aetpii- 
re»l  a sliip  nndnm  sunnl.itoi-  with  six  tii*;:rees  of  free- 
dom. with  a view  t»»  tdilaimnj:  h<*ttei‘  data  eonei-rniint 
sloslune.  ksitt*;  'Tins  paper  deseiihes  some  of  the 
tirst  m»»dt'l  It'sls  perft'!‘T!u*d  nsin;:  tin*  simulator  in 
i amlom  rrad  n«n 

‘The  pr-imaiy  ohiective  of  thesi*  t«  st.-;  was  tti  obtain 
kmy.  teirn  tdoshine.  loads  on  a tleeU  transvei'se  and 
on  a I ransv  t*!s<*  hnlkluatl  in  a relatively  lonj:  oil 
eaiia'  tank,  nmlei-  lamtom  pifeli  I'xeitatitm  Seeon- 
«!o\  td«it*tivis  Were  to  mvestiy.ale  t<*etiniques  for 
motion  exeitatio!!  am!  foi-  the  anahsis  t»f  test  data 
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2.  Model  tests 

‘1. 1 I'a  Ilk  Models 

The  hasii*  tank  moik*!  was  intended  to  represent  an 
oil  earr.o  (anfi'e  tank,  ^atiialtd  amidships,  with 
k'n*:th  etpial  to  one-fiflh  of  the  shi]>  h n.qth  ’riie  sliip 
was  e«mshiei  ed  to  hi*  1 1 ansverst*l\  framed,  w ith 
moulded  de|»IIi  <»ne  tenth  of  tin*  ship  leny.th  A see 
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I u|  l.ink  iiuhIi'I  nuninli'd  on  :;ltip  motion 
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I t»}  1 I i>rnptuilttKtI  section  thr^v.iqh  h.isic  tank 
nuuk'l  ft. ink  i')  Ihnn'n.'aori;:  an*  tn  model 
t;calo 


V deek  Iransverses  m eai  h tank 

No  si  I infers  present  i»n  t he  hnlklieads 


lion  lhioin;h  llu*  Insie  tank  moilel  is  shown  m fii;  I 
an«l  fi;:  1’  'diows  tin*  tantv  moimte<l  on  the  shn 
motion  simnlato? 

The  tank  w.is  eonsirneted  with  inlerehan:;eahh 
element...  altowin".  ddlerent  an  .me.emeni*.  i*f  intei 
nal  si  met  m e 'The  .i  ri  .i  ma  nu-nt  used  in  the  pi  t*s*-nl 
le‘.ts  aie  it>die.iled  m 'P.ihle  1 In  ad«!itnm.  a ii*!  ili\» 
1>  shoi  t lank  w.m  inelndetl  tor  ei*mpan*M»n  in  a tew 
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I'nl  !i."  .;ht ni;t  h i ;itio  imli(';itt's  tlint  :i  lowi'r 
fillii)>;  li.'pih  ( li  n - 0 Cil  wouht  I'l-  likoly  ti) 
iTiiati'i'  loaiis. 

.!.l  I'ilcli  Kvcilalioii 

Kxiitat iun  was  appluci  to  the  tanks  in  Itu'  |■('l■In  of 
pitoh  riK'tion  only.  Tlio  oi'ntro  of  rotation  was  looatoii 
in  tlio  oi-ntio  Ilf  tho  tanks  Otiu'r  forms  of  motion 
worn  not  oxpt'ctiai  to  proiiiu'o  si;.;mfii'ant  -losluni; 
loads  on  tho  struotnial  oompononts  umior  oonsuiora- 
tion. 

Tl'.o  osi'itation  uas  roiiuirod  to  roprosont  ramlom 
sh.'p,  piti'hin,;  iimii  r difforont  Si‘a  statos  .\  wulo 
lany  f si-a  statos  uas  ohosi  n to  ronphly  rovi'r  tho 
so. I -t.i'i'S  likol>  1 1 I'o  onoonntorod  in  a .shiji  lifotimo 
tii.\  ania^o  api'.iior.l  wav  poriods  woro  soh'olod. 
oa  h uith  throo  si^r.ifioant  wavo  hoi;;hts.  o.ivini;  .i 
t'a.ii  ;■  o..;iP.-  n dilf'  i-ort  so.i  statos.  I’iti'h  spootra 
VS'  : ■ . .-k'uhit,  ,1  tor  i aol;  so.i  stalo  \isin:;  PnN'  oom- 
pip  -r  pri'orams  t . Th.o  I'alonl.it ions  uoro  hasod 
on  '.h.o  ■■■  r;os  ’U)  hull  form,  v.ith  hlook  oootfioiont 
0 hi  ;n.;  roprosimt  at  ivo  of  typioal  tankors,  /oro 

,,  .,,..1  sr.ts  w.'ro  oonsiilorod  to  (uovail 

nn  li  r i"ni:i; loir;  of  oxtn  mo  pitohinit. 

'i'h.o  slur)  motion  .'•imiilator  uas  nsod  to  ftivo  tho 
tank  Iho  ap[iro|ii  lato  pitoh  motion.  It  oan  simiilato 
pitoh  ani;li  s with  amjilitiidos  up  to  1(1  . .'V  .short 
dosoription  of  tho  sinuil.itor  may  ho  found  in 
Tho  Ion"  torm  dist iilmtion  of  pitch  anp.lo  (fi;;,  d) 
iiulioati  s th.at  a masinuim  pitoh  an.ylo  of  U) ' is 
ample  for  ships  over  ‘JtlO  m m lonjtth. 

A pitch  time  histiuy  must  ho  supphod  to  tho  simu- 
lator. lor  Iho  jtonotalion  of  otiminand  siitnah.  to  Iho 
liv  dr.iiilio  oyhndois  rout  i o!!iii:.;  Iho  plalforin  motion, 
lit.  1 indio.iti  s tho  two  li  oliniuuo;;  irad  to  : iipply 
iho  Toolioa  hi'dory.  'Tlio  an.ilop.no  loodo  vi.is  olu'Si’ii 
for  th.o  pii'M'nt  tests  hoo.ui.'-o  this  is  ooiiv iiiionl  uhoii 
only  one  <h"iio  of  fu-iilom  i.-.  ro'iuirod  Sis  h.iiul 
pass  fitr,  i;.  u,  I,.  ,1,  •apiiod  to  Oorrospond  to  lln'  pih  li 


C,,  . 0 a 

'^C0  2C0  Too  L (rn)  400 

till  3 1 oni)  toini  dislnhution  of  pitch  niiplo. 
b.iKod  on  Noitfi  Athiiitio  wavi?  ttl.itiP’ics 


i.poolia  for  tho  various  wave  lanaods.  Tho  oalihiuttd 
potoniiomotor  (fit;.  1)  was  usod  to  adjust  tho  pitch 
ampliliido  with  rl■sp^  ot  to  tho  sionifioant  uavi' 
lu-i'.-.ht, 

l-'i.;.  .0  .slious  .1  Oiini(iarisoii  hotwc'on  a o;iloulat>d 
pitch  spool  rum  and  tin-  spootrum  proiiiuad  hy  or.o  t t 
tho  filtors  Tin-  filtors  wore  dosii;m'd  to  ,nivo  tho  same 


f 111  •!  Motion  ovi'il.itu'n 


ui.lth  anil  |.i  liu. I uf  peak  pitch  intensity. 
T ilil.  L’  pives  a inmpai'isiin  df  calinlatcil  and  siinu- 
l.ttid  sp.  cit  al  p.ii  ann-tefs.  'I'tn-  simulated  pitcti 
: itra  ..lie  1 I maidi'fi  d tii  ha  sui'alila  I'lU'  the  pfa- 
■ I ; I nniants,  Iml  i'l  tti  i aeii-aniant  with  analytia 
apiatia  ^iiidd  tiava  hean  (ihtainad  hy  usin^  nun'a 
:..ip!ii.'.tiaatad  au.diiani'  rdtars,  nr  with  dif^ital  sinui- 
latna 

Table  ? Conip. inson  of  culcul.ited  unci 
siimil.ited  pitch  spectra 
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'I'ha  mast  prnhablo  lar.!;ast  pitali  anslas  Wi\i'  dnr- 
inp;  laali  tast  (ana  hour)  aauld  than  ha  found  (tahla 
:!). 

Table  3 Cxcit.ation  levels  for  simulated  pitch 
spectra 
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Fic)  b Comparison  of  analytic  and  simulated 
pitch  spectra 


haiplits  aorraspondiiip  to  tha  simuliitad  pitch 

lima  histories  ware  than  aalanlatad: 


'Pin  variaiiat-  (u~)  of  tha  pili  li  anpla  was  maasurad 
for  each  of  the  I.S  a.xaitution  conditions.  Pitch  nnjda 
ma.xima  arc  ItajU-iph-di.strilnitad  in  tha  short  term: 
i.a  for  a constant  saa  state: 


H,  , ■t.i/l\T8K/(H,/,/l.l|  l. 


Siunifiaaiit  wave  haiphts  arc  pivan  in  'Pabla  1,  A 
law  of  thasa  wave  haiphts  arc  unrealistic,  hut  tha 
aorraspoiuUnp  pitch  conditions  may  pivc  realistic 
valnas  of  wave  haipht  for  other  shi)i  lengths. 


Table  4.  Significant  wave  heights  (L  - 250  m) 
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2. a IMmhd  Inslriimciilatioi) 

One  Iransvara  Inilkhaad  and  one  daaU  Iriinsvarsa 
Ware  I'aah,  allaa'a.d  (o  the  lank  hy  means  of  I force 
t r.insdiiaars.  .\'i.ss:uy  sialinp  of  the  tank  was 
aaaomplishad  hy  means  of  tiaxitila  ruhlsr  dia 
pliiai’.ms  'Plus  .11  ran.iuiaid  allowr.l  the  maasura 


F Ofxl'l' 

TKANSDUCl  l^S 


Plirti  F (M  M 
I 1 LD  PAt  rv 

O 


nu  III  "I  I l.il  I'.ii.  I 1'' I ii’il  iiioini-iil  iMl  I'll  ih.i 

I \M ' ■■t  Mil  I 111  .il  lilt  ml  . I ■■  III::  11 

I'l  • i -.lifU-.  lilt  .'11  .iiii’.t  lilt  111  m-t  il  |,i  iii't.iti  llif 

I I : ]it  ■;  Siiift  tlil\  I , h.illlit  1,.  Utif  .iV.lll.'ll'li  t'M 
lilt  .1  ii.ilt  t^iit  1 .1  j 'i-  1 1 t . ti  ,1,  I 111,'  iri  immi  ,iM  'll,-  I 11  IK 

I't  .iti  w.is  ttimiitti  1*1 1 \ it'ii';  l‘;i I lilt iiiif  li‘  l:.  li;i'i 

li.'MM  111.  It.ift  1,1  It,  l iiily  tvtiily  til' 1 1 iltiilt  .1  ttii 
Ihf  ItiilKlit  .1,1,  till':  ill.ium;:  Iht-  t ■ I im.il  i,tn  .,1'  in.i 

111.  Ill  1 1 t.iii  I'tti  tf 


111]  li  Slioil  tomi  it'spoiiSi'.  flitch 


3.  D.ilti  reduction 
3,1  ninilisiilioii 

\ ly|iii:il  list  ii  i'nitl  is  .slunvii  in  fi:;.  S.  ami  I'i:;.  t' 
shims  a • ifiiii'ki-r  \ii\v  til'  It'i'i’t’  ini  tiu’  ilci’U  trails- 
viTra-  'rill*  iliiralinii  'll'  this  Inri'i'  is  ahiMil  1 1^0  si-- 
rtiiiil  in  iniitlt-l  stall- 

Snnii-wliat  tlilfi-rt-nt  fn  tn-t-ilui fs  wi-it-  ni-t't-s;;.ii'\-  to 
.in.ilysi-  sitiwly  v.iiyiin;  it-sininsi-s  siii-li  as  |nti  li,  and 

iini’iilsivt-  ii-si't'iisi  s siu  li  as  t'oii-i-  on  tin-  di-i-U 
Iraiisvi-ist-  rin-  initial  saini'lini:  and  di;-,itisat ion 
ttinli  |>lat-i-  in  l'n\  's  ilalalalv  'I'ln-  ilalat'low  is  slunvit 
111  tu;  111  Tin-  fit-ak  tlfli-i-lor  was  iist-d  lii  di-ti-i-t  tln- 
|n  ak  v.ilin  s nf  i i-sfittiisi  s t-f  very  short  ttnration  Its 
lininil'li-  ol  o|n-ralnin  is  illnstrali-d  in  I'ii;  II.  Tln- 
ftinii’.ii  ali'i  li-vt  l IS  fli  t-  si-t  to  avtnil  tin-  ri-!;isl r.it  itiii 
of  false  fit  .iks  tint-  Iti  innse  When  tin-  infnil  e\i-eeils 
the  eontfi.n-atoi  level  tin-  ft'lhiwin;-,  |n-ak  is  hehl 


I III  i‘  fit'-ci'i dull]  icsfiiinsc 


f’lq  tv  TvpiCtil  tost  iccoid 
1 Pitch  tiiuilc 

I 01  CO  on  dock  titinsvciso 
-I  Nlonn'iit  on  dock  htinsvciso 
•I  F oico  on  iitiniAcisc  I'ulkhc.id 

.\fler  a slmrl  ilel.iy  a f'aeer  fnilse  is  separalt-ly  ti.ins 
nnlli-tl  lo  tin-  eonii’iiler.  eoiniiianthii:-.  the  liiyilis.i 
li"'i  I'f  the  I'l-ak  vahn- 


N'tii  It  ei/|,ill  V'lli  irtt,.,  Ft't 


.Vt'  -t’  i.'irit- 


f u;  !.'  f otO»*  di'v'k  t' *•( 


m: 


DcItCIOK 


A/0  CONVFK'fER 
& COMPUIFK 


KFCOHOfcK 


I DATALAB 


A-  ML 
V_  / Oil 


J 


Mui.  nPLtxtn 
digital  TAPP 


DfcMULTii’itxen 
niGlTAL  TAPE 


NV  621 
t NV466  ) 


SAMPAN 


SHORT  - TERM 
WEIBULL 
DISTRIBUTIONS 


PACER 

PULSE 


TIME 


I III  10  fu'sponyp  .in.ilyyis 


I’l-aU  v.ilui'S  fi'i  fi'iTi'  auil  laoiucnt  I'li  tbo  liia'U 

I I aiirivi  1 S'  Wi  ll'  iliiatisi'il  ti'^i  thiT.  as  tlu'V  oi’ruri'ii 

III  ai  l 11  all\  smuiltaiU'iiuslN  . Ttu'  I'l'aU  ili-ti'ctor  was 
al.'K  ii.-.iil  I'm  Tmi'i'  mi  Ihi-  I raiisvcrai'  IniiUlii'ail,  I'lit 
iii't  li'i  jiili'ii  aiiiLli',  ulitrli  was  ilii;itist'<i  at  mi'iily 
spaiiil  tiiiii-  iiislaiils  'I'lii-  ilii'.itisi'it  valiu's  WiTc 
1.1  m I'll  mi  Ilia.!; iii'l  ir  t a|>r. 


PEAK  DETECTOR 


t 1(1  n Pi'.iK  (jati'floi 

iiii  iil  was  I'oiisti  Ill'll  il  fioiii  i-ai'li  si'l  of  poali  valiH'S. 
'I'lii'  piolial'ililii  s Wi  ll'  ii'lali'il  to  till'  lUiiiit'iT  of 
pill'll  i-yi'li's  i 1 ill  l ai'h  li  st. 

N I ('IT 

Niiiiilii'i'  of  I'l'spoiisi's  I I'l'oi'ili'il  al'ovi'  li'Vi'l  X — 11 

Ot  >'\)  n'N  (.^>T 

riopi'aiii  X\  Kill  ;•  was  im-oi  poraloil  in  XX'ti’Jl  in 
oi'ili'i'  to  fit  Wi'ilnill  ilisi rilnit ions  to  llio  oKpoi'iinontal 
prolialiility  ilisi rihiil ions.  'I'lii-  Wi'ilnill  ilislrilnition  is 
wrilti'ii : 

OU'-\)  «.'XP(  (X  ATMt  (C'T 

I'ropjain  W’ iisos  a It'asl  squai  i's  torhniciiu'  to 
liml  Valin  s of  t ho  alopu  para  mot  lm*  ( M ) and  tho  soalo 
I'aranu-tor  i AV  In  sinno  oasos,  did  lud  yiold 

satisl'aotory  rosidts  ami  tin'  Wodndl  vlistrihntion  was 
fith'ii  manually. 

‘hi?  I.mm  torm  distrihiitinn 

l.ony-lorm  di.-d i ihul ions  »>!'  tho  shishinj:  load  lO| 

(>)>taini'd  I'v  l•o?nhinin'^  tlu'  sh.ort-lt'rm  dislrihU' 
tion  tOsV^  with  allowaiu'o  for  thoir  piid^ahihty  t'l 


!?,’!  S!n»rt-torni  .\nal.>sis 

A pioo.ram  sot  Unown  as  SAMIVW  was  usod  for  pt 

t lio  an.i! vsis  of  tho  diuit isod  data  on  a I *X1  \'  AC  1 I 111 
. .•mptitoi'  I U rnult iploMU;.;  of  liata  was  porft^i  inoil  hy 
ptoo.ii'r’  W I . uhdo  N\ d:’|  s oariu'd  out  ^-\s  I'  ^ ^ * A ^ | ^ I’ 0 ^ I 

anaU^p.  aooot‘hn;.:  fo  spoi’ifi.'\i  diin'tivos  Spi'ilral  * 

.’nal\.a>  wa:-  ap)*hod  to  tho  pitoh  looord:;  An  oX  *rh«  proh. 

p.  i im.  o’  ill  p!  ol  .d’dit  \ dist  l ihtil  u*n  fv^r  fo?  oo  or  mo  di  ;t  nUnt  ton 


'rh«  pfoh.d'ihtx  of  <»o«a:n<'n<'o  t»f  oaol)  short-torm 
di^tnl'utioa  was  oht.nnoil  fjom  tho  prohahiht\  ot 


> t .nn  i \fiirit>ntf 


. . , lii  t . . .'I  t»!i  ;i  sl.ll.  U.  I Ij  ^ » j.MKlii.  ni  ■ I’.*- 
f.l.  h . It.it  I.  ti  'I'!u‘  r |ii  J .•  ii' t.  I ir.ir’-  'i 

III  :;i  >l.i1i;l!i  l.'t  tht  \'»-tlli  .\t!.ti;li*’  !'• 

. I \ i*.  I uii-  III  *II>  <i.  t.  t mini  I ‘ * 1-1 1 1*  I m \\  i i 
1 'll  1 tilitil  ii  'll',  u.  1 1 II:  > 1 ! in  1 1'll  .il  ‘I  \'i' s 11  Ml  in;'.  1 1-  ■!!, 
:n.-i  1 h.  !i*i  ;•  t . mm  ] -i . ■! i.ilnlil  n '•  i-si  . < .I.i  n.  i‘  j ) 

U t ' t . ;t  iiul.i1 1 |1  1*1  .»  : I ! li  s 1 'I  \ .illl'  s nt  1*  • i'  i 

i\'  I W.  il-nll  lii*  1 1 il-ut  i.-ii  rumtii-n  v..i;: 

iiti.  >1  ti.  till'  i .i!.-nl;il>  '1  tii''t  ril'iil  n n 

4.  Results 

l.l  '‘'liMrl'Ii  riM  l.rsiiHs  liir  Pi.U  Ir.i iis\ rrsr 

.'"^lu  1 1 ti  I in  »ln  1 1 iluil  n »i.'-  1 1 •!  1 . 1 1 «•  i *n  1 lu  >{•  rl;  M .iiis 
\.  I's,  ai.  |>^■t1.  il  i.n  W.  i I'M II  {'ii.h.il*i!il\  |M|*i  I in  li*4* 
iJ  ;iM.l  i:i  It  i-ati  If  -.fi'M  tl'.at  ll-'  ..l.'-.iMti 
inlitu-'’  .ill  Ufll  1 1 pi  I s.  nt  I ■ i I'V  tl.f  iitti.l  '.i.ii;;!;l 
lull  ■■  I'l;;,  r.’  lUu^llati  ;;  tin  . It-  . 1 ol'  xatiatu-n  in  ill* 
f\rit:ili.*n  I- Vfl.  ul.ilf  li;;  1.'!  >li<'U';  Hn-  \.in:ni.‘n 


V.  It  li  I \i  't  at  i.ui  1 pf  .1  luni  'I'l  '■  va  M.f  1 \ pf  I ij  ! , ..  t 

u.i'.  ■■t't.Mfii.l  /if  nii'nii  ni  I'li  Iln  nli  M.'M'V*! 

I )n  .1  \ • I al  '•  - at  *'t " » r-l. h li  •;!■  1 . w . rr  > I • i v*  i ;i! 

■ \.  tall.  **  1»  \i  1 r..  li.'iU  IiMiis  .it  !.  \i  i !’  I'uu  ■ 

I*  .i>!  .it  Ii\fl  1 III  i .1.  li  • I 'I'liis  nil  .11,'.  tbat  ll'.f 

‘ In  .1 1 • 1 1 I tn  iln  1 iiliiit  nnis  uatf  Ii  s.-.  .m  i-ui  at.  ly  -iit*:'- 

Miii  • <1  at  till'  liiNSi  : t f\i  ilali'  n )«  \a  1 lin-nltn  i<  nt  .lata 
\\  • 1 1 I'lt.nni*!  at  i\i  ita1ii*ii  li\al  1 m m-mii-  i .is*  s. 

11, *1  Wi  il*nll  ji.ii  .mil  1i  i :•  Will  inti'i  p'llati  *1  !'!«ni 
.aljari-nt  ja  suits  1‘iiniplili-  ii  suits  aii  '.’.Ufii  in  T;''' 
1‘ • •»  .»n*l  u.  .ijiii  in  ’I’al'If  V t.n  tli*  slant  l.i?ri\  ( \u 
■.' > I .".s  pi  ft  ii  »n  I’l  till-  tal'lis  s!i"\*,s  that  lla*  s.al< 
p.i’aiini  ti  t 1 A ) inma'-i.s  a.s  thr  f\.  itati<'n  1.  Vi  1 in 
I 1 1 .n-i  s Till-  s.i nil  1 1 rail  nr \ ;;i  in  i ally  a ppi-ai  s t • r 1 1'« 
si.*]',  p.ai.iinitii  i.M‘.  i'i'rausr  tin-  pi  i»lia  I'llit  n nt'  .tu 
m.pa.  1 .ut.mn  1 tla-  il.  i-k  tiain.vrrsf  in.  iaasi.s  with 
ill*  1 M'll.itii'ii  lf\fl  llowivif.  \iiy  laiip*  valui  .•  i»t 
M ma  nr  .it  f\cilatii>n  li  vi  1 t in  SfViial  .aisi  s 'This 
ni.i\  III  liiif  in  inari'ui  a.  n s 


C ssssn 
0 

0 'aSsOO 

0 99CC0 

n 1 r ) 

0 SOOOO 

n 8civ)o 
0 VOOcO 
0 bCUOO 

0 scooo 

010405  10  2 0 .1  04050  10  0 TOO 

f'u]  ll"*  Sliort-terni  distribution.  Force  on  deck  transverse,  tank  b. 


.'4  HK 
6 HK 

1 HK 
15  MIN 

K'e  TURN 

rrKioo 

( L - ;50fn) 


?4  HK 
6 HR 

1 HR 

15  MIN 

A HPROX 
Kf  TURN 
Pt:  K 1 0 (1 
( L r ?50m) 


I :e  Shmt  ti  irn  dn;!' ibiituMi.  Forct'  on  lieek  tMn;-\cise.  tat'k  b 


Wn  fi  t ifiiin  Miinivut 


Srio.’t  ti’iir;  Wci^iull  p ir  iifti-t.-r  ■; 
fore*'  >'ti  d.-r'\  tr.in  IVl/t’  ‘I  j ‘ ) 


! • \ ' \ V M \ 


' Intffpiilatf'l 


1 11  111'  li.iii  vi'i:.,'  Ill  t(i<'  slant  tank 

iil'i'iit  I'la-  !•  iilli  I’f  lla-  I'la'Is  in  tha  ntliar  tanks. 
It  w.i  1 ililii'  ii!t  til  ilra  A I iiiU’lii.iiuns  ( (incrrnirijt  thi- 
ii’ilr.i'  r:i.;;iMi 'iili's  Im'  tanks  •>,  (i  and  7.  HnufVnr. 

■ t.  nil'-:i'  >'  a.i,;  i l'.sii  . nanialy  that  11  b.ittom 
1 1 .insvai  s.-s  (tank  d)  i-tavn  ^'mati-r  forces  than  7 
hnttnni  t ran.svi-i  ses  (tank  .a  I Al  probability  of  e.\- 
riidanre,  (J  |f)  ,1,  the  forces  on  the  deck  trans- 
V'l.se  were,  on  avcra;;e,  Ci  ' i-  greater  at  excitation 
!■  V'  l 'J.  and  l.'t  greater  at  excitation  level  ,'i  Thi.s 
S' 1 ins  to  ii'i'licate  that  very  clo.^i-ly  spaced  bottom 
1 1 ansvi'i .Si's  pi  ovid''  li's.s  idfecti\e  d.amping  of  slo.sh- 
m;.; 

1.7  .Modificatinii  id  I'ank  .a 

.\.s  111''  ex\"  I iin.-nts  pi oe|',iss''d.  some  uncertainty 
ai'is''  cone  rnin.;  the  i fi'.  ct  on  th"  sloshing  I''ads  of 
I'  lUag.'  h'  tv.i'en  ih"  d' ck  tiansverse  and  tank  top. 
’r,.''  inl'hc."  r.''aiii.;;  hp  c:i;p!i.\ .'.i  '.v.i.i  somc.vhat  lung 
an.l  ll"Xili''  'i'l’"  dci'k  transverse  was  tlurcfore 
in...  iii'n'd  .IS  sh.own  in  tig.  1 1.  and  llic  tests  lepealed 


Tabid  6 Short-term  Weibull  parameters. 

Moment  on  cieck  transverse  .\|,  fvb  d|-'  ) 


r 

TA.SK 

1)  M(Mi 

r'  ■ 

r 1 

t-  II.I  r 

r.vrir 

M 

A 

M 

A 

« 

A 

M 1 

KL 



u : ».i 

''.Til 

0 I-*-! 

_ 

*•  l»7i» 

0 i>Dl 

0 .')lrt 

0 

'1  ;i’i 

(»  h.ij 

o \:.t 

II 

0 1 III 

1)  f'liL' 

D 11)3 

0 dT.T  j 

il  S.>J 

II  N.M 

I nil) 

II  ».‘S 

0 ;:.7 

1)  .I'm 

('  7^1 

1 

l>  J-J 

J '7  DO 

1 

II : (H 

" '■'> 

O 

1)  T.'il 

D(r‘lT 

I) 

0D7;i 

1 1 T 1 7 . 

.1 

" ».,<■) 

(1  -'ll 

1)  I'kl 

11  3.'il 

llf>l-J 

0 

D rtT*' 

i 

O J'l 

l ’‘»G 

il  1m) 

J lIM) 

Di'll* 

0 .Tin 

0 (•.■‘M 

0 : 

It  .><1 

11  >'*7 

1 1 J I n 

II  f»-’S 

0 ll’H 

0 

0 1 J'J 

0 nC'i  ! 

•>  T'jp 

•>  '•i4 

0 ,1) 

D '.)  .’  t 

0 Ul 

0 711 

0 

)i  tiT;l 

•1 

; ‘-to 

0 0 1,1 

0 T')l 

D OlH 

0 Tlf, 

0 III'* 

0 M i ! 

i •' 

11  I'.T 

] i>«ii> 

II  J 

11  hnH 

II  Iv. 

0 n'l'i 

0 

0 r>70 

1 

1 

j 

1 r:<i 

1 G.'l. 

I I.  .1) 

1 iiiO 

0 ’iHO 

»i  t:;i 

D IM 

i.  I'U 

■ 

1 

i>  'i(M 

M I.J.I 

1) 

0 i»-‘l 

0 inH 

I)  «ImD 

.1  7VJ 

1 . 

II  ;i  11 

1 I'-iO 

" _’7n 

>1  I’.Ati 

0 ’,^11 

0 Hill 

1 

j 

.» 

l 3 '0 

1 ■.'IMt 

D rtin 

0 n »'.» 

0 ..70 

0 7. 17 

i 

ii  ><i.{ 

11  I'»i7 

<1  n_'7 

I)  ws 

0 7fiT  . 

j 

.1 , 

.1  MI.S 

i)  Dtrt 

D ■.’.h7 

1. ; n 

0 Jim 

■1  1 

. 

3 

■ "" 

1 t.i 

II  ll.>‘.( 

It  t)i)» 

11  ;i'. 

1)  ‘1  :o 

* Inti  rpnl.ited 
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Table  9 Shcirt-term  VVeibull  (larameters 
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• Interpolated. 

1 Mere  omitted  in  a few  cases,  and  WeiUiiiH  I'ara- 
Iiieti  1:1  were  iiiterpotated  fiolii  ad.j.U'eiit  results 
t’ornpteti-  results  are  I'.iveii  in  Tal'le  t'.  .uid  in  't’.it'le 
V for  the  short  tank  t\o  LM.  Note  that  the  slope 


p 


}'• 


[ . 1 j ,1 J.  ■ * • t .\!  I h.  I • \ .t  1 1 1 > *■'  fj  'I  M - t ■ '!  1 r.-'- 

' t tl'.  Ki'.l-i  ih  .li'ii  tun.  r...ri  v.l'kh 

■ n.  '..'.'a  •'  t-.  Wiiv.'  iniin''"-.!  ! ■.'<  i-  t'ni'.  \ .M  > 

. ' • " .t  'l  1 \.  i‘ lit l. '!! 

Si;  itt-irn  ••■'.u'.’'  Wt-ii-  .'un'.j.'ii  .•i.l  n*  i • . n' I'lty 
.'NA'. (iH-c,  O - 10'^.  Hulkhca.l  torc»-s  in  tlu-  iho  t 
t u'.k  iN  2 > ui  ti-  atidiit  I t>  of  tl'.c  loif  s ir.  th-- 
i a luuvr  fillin.:  :M 

I "A',  .ur.-atcc  loads  in  sh.'.'t  'ank  (rf 

■J  ■ ln.':-.-'i>i:' t!’,.'  Mumb..|  of  bor'.,m  ti  '.ns-,  i-rs.-s 

fi"in  7 .Tans  -'i  MOI)  i t"  1!  (Tank  Hi  .jave  rin  in- 
r-i.as-  in  f'  !•'<•  of  ItH  at  >.xcitati..n  U;v-1  1.  ' at 

l.'v-  ! i H • at  l.-v.'l  'i  Halvin-t  t!;.-  h-i.'hr  ' f tlu- 
in,v-.’s^s  (Tank  i i la-'i'i.a-.j  th..-  f :a--  '' 

111  ■ • I u ■ f • ail  . xi  I'l.’ion  IfVr-'s 

1. 1 l.aiix-ti-nn  |■^llnl^on> 

[.on  rii'u’ a 'Hs  < f sli'.-ihii'n;  I'.a.io  r.av--  r ■.■a 

?a!.'  ■!  I'-'d  fo;  Tank  .'i  .N'OI Kis:s-  IT  an  i 1'  si'.  tha 
I,  ' f 1 anavrrsf.  Note  that  tix-  s',  i of 

l)i  ■ 'n  !i  'ati-'i  ('■,  th.’  U't'ilbnll  nar.irr.i-tt-:'  M.  i.s 
Siaal’.  Ti'.i-S  j.aianiti-ti-i-  i.i  iin|.ortant  whc-n  ci  nsid-:  i.ns 
th'  . ■(.niaoy  of  ttn-  ii  sn’.ts.  If  M -=  H o.  ta-.n  a:’,  in- 


a ii.H'>  of  ill  til.  d.'t.  imiint i.in  of  M will  k-ad 

t..  Ill'  iiiaci  111  .1.  in  th.-  lo.nl  at  |iroliatiility 
(J  l(j  .k  Ho'.'.,  v.-r,  if  .M  1 (I.  tln-ii  .1  fk  t rior  in  the 
.!■ ’".■..aira*,  rf  M '.fi'l  oiv.'  only  So'  error  in  the 
l-i'i  i at  0 I()  S i ai.riv.'  r.-iisoniiift,  to^other  with 

tl..-  inaccurate  shoi  t-t'-rm  liistrihulions  at  excitation 
level  1,  indicates  that  the  [ire.sent  Ions  term  diatribu- 
II  ii'.s  fi.i  fore.'  and  moment  on  the  d.-ck  tran'sverse 
arc  of  l"'.v  acenra.  y. 

Kic  11'  cives  the  lons-t.-rm  distribution  for  force 
on  til"  ti '.nsvcr.'e  bulkhead.  Tiiis  rc.sult  is  not  con- 
'U.l.-r.'.l  • . siiff.  r from  th*'  same  inacriiracit'S  ns  the 
l..a.ls  ..n  'Iv  l.-ek  trar.sver.se. 

Tb.c  !■  1'.^-'  ■' ft  .list rib'iliiins  pre.sent.td  in  this  ar- 
t;.  I I.;:.!  ‘.i  a shin  leii.^th  of  2.u0  m.  However, 

tb."  - I:  • -I'.-rm  .■xn-ri.'nen'al  results  could  ciiually 
well  hav.  h.-.-n  u.-a  'J  i.'f  '•.tb...  r sh.iii  l.-nsttbs. 

bfi  I'sc  . t lleslllls 

.\s  an  > :-;a.-n;iIe,  a .shiij  of  2,30  m len.sth  has  been 
e.insi..iei ■ ■!.  with  an  amidships  centre  tank  of  oO  m 
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Firj  13  Lo.ng  term  (liotribtition,  morpant  cn  deck  transverse,  L 250  m 


I III'  U'.'t:;  ;i-.  ;iiiui 'I  tu  sail  a '1  - 

\ 1 .1  r . a I'  Xi  i|  I li  A ! l int  ii’  wi  at  In  r i i if'lit  p 'ns  u il  li 
li  t'  t.mts  i.i  lull,  i'' u i‘< 'sj n UP lui;;  t**  a )aail>.-liili1  y 
!•  \ ■ 1 (il  alaiut  (J  io~^ 

■flu  I'Pii;:  Il  ini  luiiil  ilistritiutiiuis  \vi  ri-  hast  d uii  an 
.ivira;;i'  uitrli  |it  ri<!il  of  11.1  sit  I'sin.L:  tins  patioil, 
till'  niimlnr  nf  |ut(li  i vi-K-.s  (N)  in  tv.i>  years  wnri- 
fiuiiul ; 


O 1/N  10  (0) 

'I'lio  iliiiiiTisionli'ss  luads  were  extracted  from  the 
Weiiuill  dislriliutions  at  this  prohahility  of  excee- 
dance : 


( r/(yhdp  = 12J 
transverse  , 


M.  rjhdj)  5 


Ti  an.sverse  Inilkliead  [■'  t7h[)'}  0 d-tS  (iLM 

Pr-ssures  1'iirrespondin.i;  to  ti;e  'ieck  transverse 
Um'Is  are  shown  in  fig.  20.  These  pressures  are  very 
la'-gc.  .A  reduction  in  th.e  time  spent  with  To  full 
tar.x  lO'iel  reduce  them  considerably,  .''^onte  reduc- 
tion should  also  he  expected  when  allowance  is  made 
for  motion  with  si.x  degrees  of  freedom.  Tlie  .short 
duration  (about  11  sec.  in  full  scale)  slnmld  be 
taken  into  aecount  when  applyini;  these  pressures  to 
the  deck  transverse. 

Thi'  lailkhead  foiee  corresponds  !■)  a uniform 
pressure  i f k..s  T m-’.  .\  specific  wei.ulil  171  i t 1 T ni’ 
was  .-.ssumed  for  liiiuid  in  the  tank  win  n calculating 
these  pressures. 

Kxtreme  sloshing  loads  were  also  istimati  'i  from 
th.'.'  short  tern;  results.  Fig.  d indicates  a piieh  angle 


I'l  I 1 at  (,)  II)  e ami  /.  m slop  rpei  u.  At  (J  10 
t 'A  I'll  I in.  hi  le.  of  the;  value  a re  obtained;  1 e,  a pu  i 'n 
angle  of  li  a . Applvin;;  the  i;a\  li  |;  b disti  ibiit  nei  fot 
pitch  an;;le,  willi  filtei-  ‘J  and  1 .'.eitalion  Ic'.il 
>-bii\ved  this  angle  to  he  the  most  probaliU'  largest 
in  271  pill'll  eyeles,  or  rO  iiiil  I hour.  The  probability 
of  e.xceedanee  was  thus: 

0 ^ 1/274  10“^ (1.3) 

Sloshing  loads  were  I'Xlrarti  d from  the  short-term 
distributions  for  filter  2 and  i xeilation  level  .3  at  this 
probahiiity  level. 

\ 17(7  biri  ‘>9-1 

nn  k transverse  ^ 

) M/(7hdj)-=  5.31 

Transvei  .-!■  bulkhead  l'/(7hf)‘')  0.2K6 

These  dimensionless  loads  are  less  than  the  lar.gert 
' .•■!s  .'or  led  in  !he  model  tesl.s,  .so  that  extrap. Na- 
tion of  the  short-term  distributions  has  not  b.'en 
n.ees.sary  t.)  olilain  them.  Corresponding  pressures 
on  the  .il  I'k  transverse  are  shown  in  fig.  20.  3'h.e 
'' dkhead  foree  corresponds  to  a uniform  pressure 
of  7 1 T m’  Mean  pressures  based  on  the  short-term 
1 1 suits  aie  about  20  less  than  obtained  from  me 

1 .ii'g-term  results. 


5.  Conclusion 

.5'odel  tests  have  been  rarrjed  out  to  measure  slosh- 
ing loads  on  a deek  transverse  and  transverse  hiilk- 
1 . .ei  in  a 77)  full  cargo  lank,  under  pitch  excita- 
1;  n I'h.e  l.-sls  were,  in  general,  successful,  but  of 
to.i  short  duration  at  the  '-west  pitch  e.xeitation 
level.  Th.is  resulted  in  inaecnrate  short-term  distri- 
butions for  loads  on  the  deek  transverse  at  this 
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Fig  20  Most  piobaLile  l.irgest  ioact  on  c;»ck 

transverse  in  2 years  (O  10  ',  (<  OS) 
I.  2S0  m,  V/l.  20"  h,  D 0 75, 
TANK  5 MOD 


f\'  it  i! inn  levnl.  The  Wi'iUiiH  ihstrihiition  futicls'i! 
"MV.  1 nil'll  fit  to  till’  oivserveil  loail  liistritnitions. 

Crnr p.i risuti  of  tin-  iliinensionless  short-term  ro- 
sulti;  f 11'  vari  nw  tank  ronfioiirations  "avt'  th-’  fol- 
low in,.;  n-ialts: 

Cl'  I,'  iiC  on  till-  ili-i  k traiisverso  in  tiu'  sliort  tank 
( V I Jo  in  I vveri-  about  ono-ti-nth  of  the  loails 
III  the  lotio  tnnks  ( C 2 in'.  TTie  sltort  tank 
’ ; •.■l■,■.•nf:l  rurri-nt  designs  wit!;  tank  l”n.i;th 
• oolit  1 in  of  the  ship  li-noth.  while  the  loni: 
tank  ilhiat  rates  the  effect  of  the  treml  towards 
L eiuer  tanks, 

(ill  I'orees  on  the  transverse  hiilkhead  in  the  short 
tank  were  ahout  one-sixth  of  the  forces  in  the 
loin;  tank  The  force  on  the  transverse  Inilkhead 
in  the  lono  tank  corresponds  to  atioiit  70  57  of 
the  static  force  when  the  tank  is  full. 

(in)  11  bottom  transverses  resiilteil  ill  t;reater  slosh- 
ini;  loads  than  7 bottom  transverses. 

(ivi  Hi;.;h  bottom  transver.ses  { J^i/(i  = 0.11  gave 
n.reater  forces  on  the  bulkhead  than  low  bottom 
transverses  ( OOTi). 


I.on;;  teriri  ilisi i ibut ions  of  sloshiin;  loads  have 
b.  I'll  ealculated  for  oiu-  tank  configuration  and  a 
ship  length  of  "jriO  m The  method  presented  apiiears 
to  h.iv  ' pioiliiet  d reasonable  Ion;;  teim  di.dribntion  i, 
both  for  the  iinpiilsive  loads  on  the  deck  trails- 


L 


Verse,  and  for  the  slower- varying  force  on  tile  trans- 
verse bulkhead  However,  inaeciiraoie.s  in  the  short- 
term distninitions  for  loads  on  the  deck  tran.sverse 
at  low  • xi  itation  are  expected  to  have  [iroduced 
Significant  inaccuracies  in  the  corresiionding  long- 
term distributions.  This  inaccuracy  does  not  apply 
to  force  on  the  bulkhead. 
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Abstract 

riio  ilotail  striioliiral  il<'si);n  of  tho  intorsootioii  liotwoon  a lonotitiiili- 
nal  stiffoiior  ami  a Iransxorso  jjirilor  lias  boon  analysoil  liy  tlio  fiiiilo 
oloinont  iiiothoil.  Stress  oonoontratioii  faolors  an-  i;i\on  for  altoniativo 
ilosii;ns  toKotlior  with  praotioal  «losi(;n  roooiiiniomlatioiis. 


Introduction 

Tho  ilosi';n  of  tho  intorsootioii  of  a lonttituiliii.il  and  Tho  piirposo  of  tho  work  dosoribod  horo  was  to 
a Itausvorso  is  usually  ii.'.irdoil  as  .1  dolail  ih a.ij.n  oi.ilii.ilo  tho  various  ilosip.iis  in  ordor  to  atlivo  .it 
piobli  in,  and  until  nooiitly  lias  iioi  loooivid  too  smiio  ■■.iiidohiii  s foi  olioosiii;;  a (tood  standard  do 
niiii  h attoiituai  by  Iho  i lassit io.it ion  sooiotios  M.u  h su'.ii 

V.ild  Il  ls  111  siuito  oxloiil  follonod  Its  own  stand. till  P.iiu.p'.o  'tatislios  lioni  taiikors  show  th.it  up  to 

V'ariii.o.  di'*-ij;iis  ot  diffiiiiit  i[u.ihl  ii'ii  h.ixo  lioou  . ot  oiaik--  th.it  h.id  to  bo  npaii  isi  ooi'iiiiid  .it 

ns,d  ()nl\  a li  w it  llioiu  havo  I 1 1 11  iub|iol  to  os  tin'  onuniiliou  bolwooii  .1  loiipil  udiiial  slilloiior  ,iad 
tonsil  O Iiivoslii;. it  10ns  I .1  1 1 .Ills!  I I SO  ;;ii  ill  I ti;;  I . 


I.; 


rig.  I 'j  p.Ml  I ) ifi’  ’ 


At'-  il."f  ’,;.t rvi'stin;;  tai  l is  *h;it  Mv  **:  -'i'.!- ”i’\  *1  l-\fl  is  pi  .n‘^ itsilly  tilt*  immic  in  both  H'liis  may  In 

il  iir.  ij^i's  1%  .ii'irli  liiylii'T  t''r‘  tarik  Ts  'har:  t-'!‘  ity  iluo  *>»  tb*-  allriaiat inj4  i'sul  on  tho  lonjtit'liiinai  t^ir 

ifii'i  tions  foi-  tankiTs,  In; 


oai.;.'  ships  altlionnh  tin-  luaN'.’r.iKTi  siat-.o  stis'ss 


■r 


Fill  Tv.  ,1  kiaalaig  Conditions  ^nicl  o.  e .irt'on} 

Ih.i!  f’  ly  c.uiso  yioldirg  in  > is . ..  p 

cpr^!  ■!  ; o'moctign 


Til"  imwinium  valuo.s  of  tlio  pr<  ssiir-'  o.Pt'  i.Ta'o 
I'r  M out  -sio  and  insido  rospoctivoly  sivo  slro"os  of 
a i'P' > 'Vima  tol  \ ! iio  -.ami'  ira;nitii'lo  It  noM  Mio 

stn  oonoiMit  i at  ion  faotor  is  lar,:--  i n.''i,;ii  to  .;ivr 
\i  '.'diri"  for  ono  of  Kio  loailiri;;  cas-  s.  tiio  otia-r  raso 
r a\  laiis.  rovrisi'  yirliimc  ihystorosis'  lo  Vi'rsoil 
>1.  idinc  of  tins  typo  loavls  to  fa'ioiio  fiart  iro  atlor 
i.I  itivolv  fi  \v  oyolos  I 1(1(10  K'OOOi  |,,\v  oyolo 
faliciio 


Mothorl  of  on.ilysis 

Tho  tinito  .ionioiit  proj;taai  tlSOV'Oi-’l  •,v!vu!i  is 
iisoil  lor  this  analysis  is  lUsoril'oil  in  /It/  Mb*-,,-  also 
a list  111;:  of  till'  program  is  jtivoii. 

I'oiiipatitilo,  t(iiailrilaloral  iso|>aramof  no.  linoat 
sli.iiii  fniito  oloinonts  ivilh  lO  doproos  iif  froodom 
1 woio  list'd  t hroiiolioitl  in  tho  iiivi'stii;:ition,  in 
ortlor  to  tibt.iin  tin-  host  possihlo  aooiiraoy  with  a 
minimimi  of  offt'rt  It  is  inaotioal  to  distiriKnish  Itio 
fotoi-  tiansfonod  from  oaoli  stiffonor,  1’,  from  tho 
I'vor.ill  slioar  foroo.O,  in  ttio  >;irilor,  fio.  .1. 


.1 1 diiiltr. 


ti)  I’tiifiinii  I'uiil. 


(■)  SiiKir  for(r  ihiKinim. 


Fir)  3 nr.'fitiiliDd  of  the  local  load  P from  lonyitu- 
dinal  and  the  total  shear  force  O in  the 
qirdcr. 


At  an  early  staire  in  the  work  a roarso  eleniont 
nit’sh,  fiK  I t).  I'ovorin);  the  j;reater  |>arl  of  a girder 
leiigtli  was  used  to  find  ttie  overall  stn'ss  distrihn- 
li<'n.  fig.  ti,  anil  the  stiffness  rediietion,  fig.  3,  of  a 
iiirder  with  eutonts. 


a I ( iiiiltirniiiKi  i.vo/nnioni  trie  ' 

liiinir  slniiii  ihminl 
irilh  Hi  ilriirrr.i  of  jrrrilom  Dj. 


f 11)  ■)  f FM  Modi'l  used  to  i)ive  the  overall  stre.ss 
diptnhutioii  aiut  the  stiffni'ss  reduction  of 
a qitdi  1 With  cutouts 


It)  Kli  iiioit  niisli. 


SfUrttihiii  Mtinimii' 

.Vn. 


■|'h.  ii.liiitioii  III  bi'iMliii-:  s'llliif-.  I'l  til'  l•.ll.!.■l 
litl''  to  lh«‘  I'llttUlt;.  m ll|•l;Il•|l^llr  'rili-  l.llrlll  1 1 I :i< 

I' 'VS  i'\ I I . IS  I'l'iisi'iii  ,ilil\  iithussl  'I'lii'  It 'lilt  Ill'll  I'l 
shisii  s!itl:ii--;s  is  iSMisiilri  .il‘I\  lii;:lu'i  t!i:'ii  tlh*  p-  I 
I'lil-i’i'  1 1 'hut  mil  111  I 111-  ;.!iisii  .1I..1  iiii;:lit  ui-in'.ili- 
In;  fi 


F K]  S F’l'diiction  111  offoctive  sIumi  .iiOii  Ao,.is  ,i 
fiinotion  of  iHitoiit  r.itio 


'I'tii-  sill'. If  .'iiicl  hriiilmi;  slri'ss  ili.st i il'iit  mils  in  Sfc- 
linn  A iiml  H,  fi};  li.  >;:ivi’  forri-lation  witli  tlic 

fspi'fitni-ntal  rosnlls  otitaincil  tiy  llilizstoin  1 . I'if;,  7 


t i(|  (i  StM'ss  ilintnbutioii:;  olit.niu’il  li^'  tho  fimlo 
t’loinont  .in.ily!;i;; 


a 1 >'*-  If  .N,'li-ss  i/.n/ ,■■|*'■l /!' I'l  l>/»llfl’f'*./  /*  / 
1 ; •Ti  III  II  fii’  II  ’i-ii  '/M.v  / ' 


111  V'iiiii;i'i|f 'iii  /iii'ii.'i/iiri;  xtrrs.i. 

t u;  i fniiiil.ii  u'lUil*-:  fioiii  (iliotoi'l.i'itir  .iim'm'.is 
poi  foi  iiii’i  I I'v  i\'1  Piiii/sti’iii  /!/. 

I'lm  i-iinisf  nit'sli  iinuli'l  in  fi;;  I l>  was  ust'il  Ui 
I'l’tain  till'  iiuist  ii'alislii'  K'luiiii!;  aiul  liniiiulary  (.'on- 
ilitmiis.  In;  -S,  lor  llio  I'liinr  nu-sh  ilntail  nioilols  in 
fi;;s  I)  rj 

'I'tu'  larpa'sl  slrossns  in  ttic  j'.inU’f  or  llu'  connoo- 
tion  aro  oansfii  tiy  llin  ovorall  sUnar  force  in  the 
pii'iler  or  tiy  the  force  transferreil  from  ttie  lon;;i- 
tiiihiial,  or  liy  their  coniliination 

'rile  relative  ia;;iiificaiiee  of  these  loads  varies 
alone,  I he  j;iriler. 

Ill  Ollier  to  iiiaUe  the  lesnlls  applieal'le  in  niio'e 
I'.i  ’i'-ral  I a-ie.-,  these  two  lo.i.hn;;  ea-.es  were  treatei! 
S'  pai  atelv 


a)  yinif  Irinixlcr  jTotn  /oiK/ihu/iiin/ 


1 1 7".  t'tl  'll'  'll'  I r,  i 


. i '/ir'/i  r. 


c)  T’li'ii  'il  stnss  iiistnhuluins  tutir  tlw  Ujiptr 
<'i>’  (If  /■  o/  till  louiiitiKliniil. 


Fig  :?  Pound.iiy  conditions  .tnd  loading  cases 


'r'lf  .stn  ss  i-oiii'cntratuin  factor  in  the  iipp.  r ror- 
lUT  I'f  llu'  cutout.  fi;j:.  is  foutui  as  a function  of 
till'  coiner  niiiius.  Kesults  arc  shown  in  fiit.  13. 

Special  attention  was  paid  to  regions  with  larjjc 
strain  gradients,  where  the  mesh  had  to  be  fine. 
With  small  modifications  the  element  model  could  be 
used  with  different  parameter  values.  Other  types 
of  longitudinal 'girder  connections  required  separate 
finite  clement  mesbes,  fig.  10,  11,  12,  with  bic’adths 
e(|ual  to  the  longitudinal  spacing  and  with  one  half 
on  each  side  of  the  cutout  This  is  necessary  when 
analysing  ai.ynirnel  rical  cutouts  'I'he  dinu'nsi'ins  of 
till'  calculation  iimdel  correspond  to  a transverse 
web  in  the  botloin  of  a 100  — 150  000  dwt  tanker. 


In  the  finite  element  calculations  it  was  assumed 
that  the  lug  web  eoiuieetioa  v.eiild  remain  in  plane 
during  lo.ul’.ng  (a  two-dimensional  FKM  model  was 
used).  In  a real  strueture,  however,  due  to  the  lug/ 
web  configuration,  there  will  lie  out-of-plano  hend- 
i.ig.  giving  ri.se  to  local  bending  stresses. 

Plate  bending  will  reduce  the  stiffness.  .\  reduc- 
tion in  the  in-plane  (membrane)  stresses  will  take 
plaee  in  areas  with  high  in-plane  stresses.  On  the 
conlraiy,  betiding  stresses  will  be  superimposeil  on 
the  membrane  stresses.  These  iffects  were  inviSti- 
gated  by  tliree-dimensional  l''KM,  fig.  Tl,  and  by 
esi'eriniental  stress  analysis  .S  ’.  The  resvdts  > bow 
tb.it  till'  flimeiision.il  I'Kl.t  yieli!..  results  very  mueh 
in  accord. inee  w itli  the  t .\perimenlai  d.ita  as  n g.it.ls 
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} 

( 

I 

4 

} 


Tiq  13  The  ccrnoi  iiiduis  ‘should  pioterably  be 
l.)ic;er  th.io  .1  qu<iiter  ot  the  cutout  width 
The  stress  distribution  is  not  very  sensi- 
tive to  the  height  of  the  cutout  os  long  os 
this  volue  is  less  tlion  holf  the  girder 
height. 


thi' aver.ifio  ( nn'mhf.iri.')  stresses  of  the  plate, 

Hinvi'vei',  loeal  hendiii);  stresses  may  pive  a sip.ni 
lieaiit  eoMti  iliiitiiin  Ttiis  is  shown  in  fi);.  la  for  the 
one-sideil  111;;  aiiil  fi;;.  in  for  the  In;;,  weh  eoinn  et  ion 
This  ilo , not  alter  tin  ipialil.dive  einiiUisioas 
ohtaineil  in  this  ie]iort  regardin';  ilesjon  reeomnien 


dations  for  the  lon.e.iludinal  pirder  connection  The 
desii;ner  should,  however,  he  aware  of  the  fact  th.at 
loi  al  heiidin;;  in.i  v he  snpei  impost  il  oi\  the  ealoiilati  il 
iiMilts  j’,i\i  n hei'ein.  ami  eom.idei  this  when  th  si;;- 
nim;  the  wildiil  joints 


Id  I 

J 


\frj«  •'*/?. la  T.'arif.aif  /'  yt  tr 


fig  16  Equiv.ilont  ('.on  Mises)  stresse.s  in  lug 
an-,i  v-.eb  closo  to  the  upper  corner  of  the 
lug, '.-.oh  joint,  from  ref  ;8/  The  load  is 
app'ied  vmticully  through  the  longitudi- 
nal 


Results 

Ttv  .'I ’"rliisi. ••  s .Uf  DM  a s\ s't-matii'  ir.VfStipa- 

tio:;  "f  v.iiio'is  'ypr'-r  "f  I'nniK'ctiims. 

Till-  1'.  I fi  rmanci'  ft'  thi>  i-onm-ction  has  het-n  guan- 
hy  i’'.tr'"i'ii'nis  I".'’  stri-ss  c'l'ncpntration  fac- 
t"  i ,kp 

I'p  iii'ifst'nts  t!m  stress  CDncHr.tratiuii  near  the 
r-’i'init  raiisi'd  tiy  tlu'  fnree  P intro(hice<l  tiiroui;h  the 
l"n>gitu<iinal.  repres*nts  a relatiunsship  between 

the  niaxinnini  shear  stress  and  the  nominal  shear 
stress  in  the  .girder  caused  by  the  total  shear  force 

0 

The  list  of  symbols  is  .given  below.  Tables  1-3 
contain  results  in  condensed  form. 

Explanation  of  tables 

The  factors  k^  k^  ,]{,t  stress  concentration 
factors  in  the  strict  si-nre.  Hut  they  still  contain 
rnff'i  niatiou  nb.iut  Ibi-  stres.s  concentratiiin  for  a 
force  I'  t ransfrit 1 1 1 from  the  lonr.itudinal  and  fi't 

1 lit  gird-  1 r hi  ai  for  ec  (J  res  pec  I ivi  ly 


o^.  = ''^>x+‘’y 

P ■=  the  force  transferred  from  longitudinal 
to  I he  gii  rler 

♦ V>  /^r  fli*»  I . <r » ♦ o 1 

t = the  web  thickness  of  the  girder 
ky  = r/Q/ll  t 
r ~ the  shear  sti'ess 
Q = the  overall  shear  force 
H = the  web  height  of  the  girder 

s = the  web  height  of  the  vertical  stiffener 

= the  force  transferred  through  the  lug(s) 

rij-  = the  foi'ce  transferred  through  the  verti- 
cal stiffener 

‘Vail  ~ maximum  allowabl,'  etpiivnlent  rtress 
( Jli  nek  von  Mises) 
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\<n  ii  ff/t’i  .1  'Mtintnu*'  ix*  ••nth 


i i.  t;  i 


I 


I u i I.-  I 


Di'sic^m  roroinmiMui.ition 

I’iu’  p!.i«  tu‘.>I  » oiu  ln:;jons  t»M;unr»l  fn'tn  Ihp;  »nvr  ;ti 
»*»n  ;u  I h .t  r»l  Im  Khv 


!'  1* 

1’.  r 

'>  , 1' 

11  * 

1 

0 ‘ 

0 

(1 

1 

0 

1'  1 . 

i 

M /; 

! 

\ .hlri!  hl>;  »•. ‘niUi  t »»M»  Ills  :\  !n.»\UiUUM 

• t!*-.*.  tliil  I.  I * MJ'.u  1«  1 .1 1 'I  \ Ir-.-;  Ij.WI  of  (h.if  in  « 

.»  t ‘‘iuh  . I jMti  M »l  h onl\  t»n*’  In;: 


M j .'.li 


A • > in!Mi  1 1 1.  .il  :;u.  a Is  tt«i  tj.i!'.  !'•  I y>\ 

l«  1 » « » to  t ht-  ;:u  tit  r.  Jtul  t lirt » tot  »*  h;t';  spi.t  !!*l  't  t » s 
' t • t l.ati  an  asy  'inu  * » i»  al  oiu* 


A la*;,  . I'lradlh  ; in  i'-lati\<  ly  !at:;, 

l'«  II. Inn;  ''tt»  in  tin*  In;;  in  ar  !»'  tin-  il 


'Thr  inavuinun  slirssrs  <l«a'H'a'a'  ronsnl*  tal  ly  with 
inin«*asuii:  htnt’Jil  i»r  1 lu*  hn; 


In  two  '••nli’.i  luj;  ronms'lions  tin*  o\a  i'  all  shear 
fo».e  m th.'  ‘;u«ler  will  eanse  the  lii;:he<t  '^riw^rs 
hi  low  Ihi*  In  ; tisatioti  point. 


1-1  1 .Mte-'-nfi'il  Ini;  1*011110111011  tin*  tnaMru.in  stres 
ves  will  alwa\  ■ a|'p«*a?  above  th.e  In:; 


I’he  • til  • 1 on.  1 tit  1 a! i.*n  la.  to?  \ ^ \ei\  ‘oiiMtivi- 
to  the  loiti.  1 I 1 lin  . ri  the  enlont  when  the  heij.ht 
of  the  eiitont  \ - li  ss  than  hall  of  weh  hei};ht.  ti;;  \a 


( uti'uts  in  wi'h  plating;  in  orJer  t»  ^<-'1  sufficit-nt 
I tuoiiulit li'W  area  sliould  preferably  be  loeateil  as 
. eparate  entimts  between  eutouts  for  longitiulinals. 
ind  if  possd'le  at  the  middle  of  the  tjirder  span 


Wiien  (h.-  force  to  be  tratisferred  from  the  ion^i- 
t\-.  '■■■..;!  the  pirder  exci'eds  the  foree-earryin^ 
cap  u ity  .if  the  two  hip:s  alone  <a  common  solution 
b"’ . I■.e^■n  to  locate  a vertieal  stiffener  at  the  web 
p!  ’te  an  1 connect  this  stiffener  to  the  lonintudinal. 
Tins  connection  must,  however,  be  very  svell  desiftned 
in  order  to  avoid  cracks  at  the  wehi  between  the 
lomjitudinal  and  the  vertical  stiffener. 


It  i..  important  that  the  vertical  force  is  evenly 
di -t ribnt.  d to  the  longitudinal  i.e.  minimum  excen  * 
tin  dy  relative  to  the  web  idate. 


Kxc'nfric  Ralanco  !,xo.'t'.t-rif 


If  the  v.rtiral  stiffener  is  placid  there  in  order 
to  contribute  to  forre  transinissiou  only,  if  may  be  of 
nioder.ite  h iicth  fc".  .1  times  its  iiwn  heielit) 


Hi  (i  m i i'.';! 

li  M (111.  vliiii-  I'h.itiM  l.i'.l  II-  m\i  I 

■ t M ilist  1 iliiil lull  111  till-  ni'iiililuiiii  lu'oii  ut'  i-'il- 

ii'lt-.  IM  u||-,ii-l  M . 

Di.V  n puit 

■J)  I.  Iviisin  H.iivltv.i  rskaili-r,  uiiif.iii;;  u;;  iiiiili;; 

.iis.'ik 

Kill 'i'i.if:i  111  XI'll  IPTl?. 

.',1  K H.i--!iiiu'  M.il  nsi-st.il  ikk  I'l;  rli-nii-iil  iiirti  "K'l-  i 
.'■.il\'.i'  ,iv  si\ ipskuiist Miksiuiu'i- 
r.ipir  nv  I 

1'  ('  i'  .'ii-nkii  \Mi-;i : I'lu-  Hiiili-  i-K  ir.i-nl  lU' t!'.uil  in 
t'r.;;;iii'i  i iiij;  si'u-iii-i- 
M--  kli.uv  Hill  I'.K'l. 

f>)  r 1 .1  1 II  ■ Sjiiml ;;  |i  iiiiuiiil'iiriiii; 

in-'.’,  '■■.i-ii-t  r>r-.!. 

0)  I !i.iti,,'  n:  I In  r ilii.-i  Ik  a.’i'-|  i ii.  )iiinj;.n\ . rh.'il 
ti  ll  I'.i  •'  K--!:- 1 1 iiktiui, Sill  tails  I .,ii'..;sspa-.'uiiii  i'h- 


tiilii  iin;',  inal  Ann  liliiss  an  ilfii  I Jnliiiii-ir.l i j;  Si  i 
Tanki  I II 

Si-iiilt' mill  ! lal'i-n,  1 li  1 1 I ItiT  I. 

7 ) Hi'iii  linaii,  .1.  ii  a. 

rnli-rsiu  liiin-^i-n  tin  ili’r  Dctailkunsti  iikt  luii 
K.in.assiiantiliin  liriilii  iinj;  am  Taiiki-rraliini  n 
Institnt  fur  Scliiflliaii,  llnivirsiltit  Hainl)iii>;. 

A I'l  l!  1(175 

S I Kir:,.'.  S ■’  M.s|ii'nini-ntnl  Sln-ss  Analysis  uf  tin- 
Kiin  t't  luiiiial  iJinli  r ('unin-rt luii-. 

Ill  1 it  iMiiMuii  Ilf  Ship  Si iiici 111 I’s.  'I'hf 

N’iiI  ’a I ^1.1  n Inst  lint'-  uf  I'l-i  linuluuy. 

'.n  K .1  r..ithi-,  l-‘.  I-  Wilsun,  I''  I'l,  I’ltci-. un,  SAl’ 
1\  A SI  riii-t  III  al  Analysis  I’ruurain  fir  S'alu- 
.r..i  l'\-:iainii'  Ki-sp..iisi'  ul  laiii-ar  Sys'i  ins.  I'lsi- 
-lun  uf  Siriiitiiral  M.  •lianas.  The  Xui  v.i  .;:.tn 
l:--a!liil.-  I'f  'I'l  i-hliu;  ny  l'i,';i. 


Hull  responses  to  hydrodynamic  forces  on  bow  flare 

by 

Svt’iro  Gian,  Har.ild  Olson  and  Finn  rollsijaid, 

Hsis(sarcb  Oivision,  Doi  noisko  Voiiias 

Abstract 

A ^iiiiplil iril  iiiuili'l  .mil  prui-i'iliiri'  is  riiiplii\ nl  to  <*stiniat*’  li,Miro(l,>  na- 
iiiii-  film's  Dll  a how  with  larar  flari'.  anil  llii'  ri'siillini;  xcrtical  hi'iiilini; 
iiiiiiiit' lit  .iloii'.;  a ship  hull.  I’lii'  ilxiiaiiiii’  aniplitii'atiiui  iliio  to  hull 
I ll•^ihilit,^  is  I'oiisiilrml  ami  (hi’  offcrl  ap|M'.irs  to  lir  si"iiifi<a lit  tor 
lii.iiU  with  (hr  prriliilril  iiia'.;iii(iiih‘  anil  iliiratioii  (I.'’  '.J  srr.).  It  is 
sii- ;.;rs(ril  (hat  (he  short  term  disf rihiit ion  of  loads  and  slrrsscs  diir  to 
bow  (lari’  impart  ran  hr  drsrrihrd  h,\  \\i’ihnll  probability  distributions. 

Till'  iiifliiriu  r of  shi|i  spri’d  and  sra  sl.itr  on  tlir  loads  and  rrsponsrs 
arr  t'u  rstiuati’d  to  soiiir  rvtrnt,  and  it  is  ronriiidrd  that  thr  inflnt’iirr 
of  siiiji  Hiirrd  w rrlalivrty  iiwirh  stront;rr  at  sr\»‘ri’  sra  stafrs. 

1.  Introduction 

.'si'i.trai  last  rarj-.u  ships  h.tvr  in  rrmit  yrars  rx- 

irnrril  srvrrr  Inirklins;  ilanupars  in  drrk  tand  also 

ll■.It•Inl  plaliiiL;,  .ipparrntl.v  diir  to  nnrx|'rrtrdly 
hir.h  liiiutituilinal  strrssrs  1/.  A trw  meastironirnts 
uii  a sister  of  ono  .seriously  (lania.ip'd  ship,  ,2  , indi- 
ratril  that  ralhrr  high,  hut  short  lasting  stress  peaks 
orriirrril  iiiulrr  rrrtain  I’onditions.  It  was  conrlinirtl 
that  they  rrhitnl  to  iniinrrsion  of  thr  strongly  llarril 
how.  a prorrss  whirh  has  earlier  been  studied  to 
some  extent,  eg.  ,3'.  The  hydrodyntimie  forces 
rienteil  under  siieh  miniersion  have,  however,  so  far 
hern  of  little  eom’erii  to  the  ship  designer.  The  reason 
for  this  may  he  Hint  previous  eomhiiintions  of  fore- 
ho'ly  hull  shnpr,  ship  Sficed,  hull  .stiffness  < te  h.ive 
hern  siirh  tlinl  Ihr  iinfnvoiir.ihlr  foirrs  and  rrsponsrs 
Wi  ll-  a\  1 mil  il. 

With  111'.-  prrsi  nt  paper  il  is  intriiili  'l  to  illuslratr 
some  of  the  fiinilamrtilal  rraluirs  rrg.'.rdin;;  thr 
It Viit I ii|\ namir  loaih.  .ii'.d  i oi  n s|iondm,;;  hull  rr’ pun 


srs  rnat'.l  hv  how  flare  in'mrrsw'n  Th.r  int'porl .: nrr 
uf  siimr  ilrsir.n  nitil  ship  uprralion  parameters  will  hr 
ilisriissrii. 

Some  uf  tile  iinalytiral  models  that  are  employed 
herein  tile  ronsidernhly  idraliy.nl.  Hopi'fully  this  will 
provide  a hrtirr  insiglit  into  the  various  aspeets  of 
the  prolilem,  and  it  is  helieved  that  the  most  signifi- 
eant  features  of  the  involved  physieal  phenomen;i 
have  hi  rn  retained. 

2.  Hydrodynamic  forces  on  flared  bow 
'file  eommonlv  nsed  strip  theorv  is  hased  upon  litutir 
rein t ion.-liip  hetwri’ii  the  ship  motions,  the  wave  stir 
fai'r  displai  rinrnt s and  the  forres  aeting  upon  the 
hull.  This  ;isstini|il  ion  i'l  \iula(rd  when  the  non  w.ill 
still  dilrss  of  llw  ship's  sides  hreomes  pronoiliirrd.  .1  . 
in  the  rase  .if  stionglv  fl.ili  d M'rlions.  Ku'”  'l.iir 
I oil  I ■ .lie  I l-.ir'.  .1  I md  uf  lu.id  w.  Ill  I e .i  linear  i-upi  ’ 
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will!  ,1  '.lii'ivs  that  thf  ti'ii-f  IS  ilftfiniiitfil  hy  tin- 
in. -Mill'  I'lis  vahif  nf  .M’  aiiil  its  tinif  ilf rii  it ivf  l-'ii  :n 
this  fi|ii,itii'n  it  shi'iilii  hr  nviih-nf  that  a satisf.ifti'iy 
iiiftln  il  to  ilfti-rnimf  M'  is  nssmtial 

Tin-  I'l'iiftiatioii  of  the  watni'  siirfais'  hy  ;i  sohil 
l'oil\  iM-atfs  a fliiiil  motion  throughout  thn  vohitui' 
of  waif  I If  I hr  walrr  is  assiiiiiril  to  hr  iiironipirs- 
sihlf  aiut  non  visroiis,  and  thr  fliiiil  nioti.'U  to  hr 
I w .'  liiiiif  iisioiial  aiiil  initially  at  rrsl,  this  moliiiu  n. 
il  I 'II  I ll.il  >w  ilfsi  rihi  il  hy  .1  Vflo  'ity  pi  tf  ii!  nil  p 
'i'hi  l.iiifln  riif  1 ;:>■  of  w all- r pfiif ' ,ilfi!  h\  t''f  si.'i'l 
hi'  l\  ni  I • w I II  If  !i 
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■ '..'i  il\  I'l  ilif  lliiiii  p.iiiifir 

• ’ 'n\  * III  I'.ii  IriMii  2 iliinensional 

looiilin.itrsl 

\ '.i'l, mu’  ol  thr  I'.iil  ol  ihr  lliiul  houiiJnl  hv  S 

S h ’'.i.iil.ii\  ol  ilir  p.iii  of  thr  Iliiiil  coii>iik'iril 
11  1 ilri  iioim.il  mill  iri-loi  to  llir  airj  S 


in'  !■  . : '..ihihix  .'f  ll’.f  u.iti-r  anil  I Ians.- 

'"S  - si  :n,  . : .1  h'  u-.i  nl  u lir ii  Ihr  siii  farr  intrfti  al  is 

■ '■■.'.III  i in  .ii'.i  I't  lat".:!  .il  mu,  li;;  1,  ronsisls  of 
■1  II'  '•  ■'  sinl  iff,  till-  wfUf'l  p.iii  of  thf  soliil 

h '■  .i”  ! ■ ’ .■ii.'.'flf  ft  lutimlf  i.'iilius  .'Nloni;  tlu- 

sf  If, If  ill’ll*  it.'!  Ihf  I I'f  r w.ilrr  siirtiirr  it  is  assuiuoil 
111  i!  I’  I'i.f  l ist  siuiplilif.ilion  iiuphrs  that  thr 

ft!' ft  I'l.  ; ill  ! Ill'  w.itrr  tsprayl  is  not  lakrn  into 
.■.'■■■'■iiu! . 

'i'lu*  liil.mlii'ii  ol  till’  .iiliU‘i|  iiiiiss  from  Uinrtir 
fi',f;  ;;y  f 'I'si.  !■•|■al  ions  is  s'.ivfii  hy  : 
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win  If  I.  ii  'hiffil  to  Ihf  Ufitfil  part  of  thr  soliiI 
I ' l;.  Thi.*:  tims  a will  known  niathrinaliral  pro- 

('!•  : I"  ■ !.  IS  \ f 1 1 Ilf  frss  an  an.ilyliral  solution  tor 
a \ nil!'  : nnthir  ot  r.isrs  Oiu*  of  t hrsr  rasrs  is 
till  111 li;.  s'o.ipi'il  .IS  a riiriilar  ryliiulrr,  ami  hy 
nifans  . ; ■■n.fi'ianal  inappini;  this  sprrial  .solution 
in.i\  ! ' .ipfli'  1 lo  ,1  v.irif I of  liiffrrrnt  forms. 

I':-.'  m*'.,fi'-ifa  nt  llu*  snlul  I'OiIn  will  ri'iitiniiinisly 
rl''.in.;f  !'■■*  .i'lf**il  n'..is.s  .niil  it  i:.  Ihfirfoi'r  import.int  to 
in*.'!  shin  !!..i!  Ihi*.  .ippm.u'h  is  h.isril  upon  a ipi.i-si- 
"i.o ''n.!*,  \ '"I*  ...li'i'.itu.ii.  if  Ihf  w.iiri*  How  at  i-.irh 

in  .'.ml  '.  . I ''if''  lo  I'f  iiifiilifal  w itli  .sH-.uly  slatr  flow. 

1 1 l■■,;'■:lf••  I'roy.rani  wlnrh  fiilfiil.ilrs  impiirt  for 

l,  - ''U  .1  i.'  ;;''  ■ toifhoily  i*;  ilfVflopfil  .imi  Ihr  inrihoil 
in  ■ i!  I'l  !!■'  .*.  iinr  as  onllini'il  ;ihovr  Thr  roiiformal 

m. ii'j'in...  :*.'.. ii!*'  Um*  of  in  Ihr  pri';;r:im  is  a tw.i-pira. 
im  Iff  vi  I -ii  a rallfil  l.fwis'  I isinsformiilions  -I/ 
wh’fh  1..  1 -p' fially  rftirirnt  lo  transform  :i  rirrlr  to 
■Inpliki*  .'ifftions 
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In  .ni!«  i to  I'oiniii  M:  :ilo  lor  Iho  ol'l'  i t ol'  piltvl  '.ip 
!■  'I'l,  .1  >'ii  Hi  ! ii  ni  lianiil  on  llio  I In'oi  • I ii'iil  Hint 
nil  nt  lit  t*'!'  \'.i’iinii  piohliin  ."i  i ; il’.i'l in li  ' I iti 

till  roiir(iut  *1  I ii  iinj  .1  HI. 


M Drlfrm'mi'.lic  I.oiul  MikIcI 

l-'or  Hiiplirntion  to  tho  sliip’s  foinboily  tin.'  I'ompnta- 
tiiiMs  oic  tiasi'il  upon  tlu'  followiii.t:  nioa : 

.\  rrfi  rt  iKa'  systnm  is  I'ixoii  to  the  liull 

Only  hi’ail  wavns  aro  ronsideri'i  ami  I'roni  this 
! 1 1 fi  11  III  1'  systi'in  l ai'h  station  aloiii;  the  tunv  will 

j I'l  l I a wave  passini;  with  a volority  eipial  to  llii' 

I siiiii  of  till-  ship  spi'iil  \'s  aiul  thi'  ai'tiial  wavi-  I'nli'- 

rity,  (',  SOI-  I'l".  above.  Tile  aniplitiuie  of  the  wave 
will  ill  yeaeial  not  be  the  snrfaee  wave  amplitude 
but  i.i’her  the  verlieal  relative  iiiotioii  RM  ir.eortio- 
ratiiu;  the  heave  and  iiiteli  motions  of  the  bow. 
j F'e»r  piaetiia!  jnirposes  we  shall  in  the  loltowiu.u 

employ  the  vertieal  relative  motion  at  the  forward 
pel  (It  iidieul.ir.  'I'h.is  implies  tiial  th.e  variation  of  the 
relative  motion  aini'litude  aloni;  the  forebody  is  dis- 
rep.iidid.  l-'oi  further  simplifieation  this  relative 
iiution  wave  i.s  api>roximated  by  a triangular 
wave  . 

A I'onsetpience  of  this  aiiproximation  is  that  tho 
vertieal  relative  veloeity  is  a eonstant  in  time  pro- 
['ortional  to  the  eorresiiondiiii;  vertical  relative  mo- 
tion, and  this  implies  that  the  vertical  relative  velo- 
eity is  overestimated  diirinr;  the  later  sta.ite  of  the 
how  immersion  process  when  the  transfer  ot  monien- 
Inm  hit  ween  shit)  and  sea  has  become  lartte  enough 
to  cause  a reduction  in  thi.s  veloeity. 

U'lien  till'  trian,t;Ie  waves  propa.itates  aloni;  the 
hull  it  may  .i;ive  rise  to  hydrodynamie  loads  on  the 
bow.  These  loads  are  estimated  by  means  of  a kind 
of  strip  theory.  The  shiii’s  forebody  is  divided  into 
strips  which  are  all  (larallel  and  tried  to  be  so 
arr  inyed  that  the  ste])  effect  is  minimized.  (This 
step  effect  IS  .1  three-dimensional  effect  which 
results  from  inevitable  diseontinuities  at  tile  junc- 
tion hi  tweim  two-dimensional  slrij's!.  In  this  pa|'er 
the  rertiiai  impact  forces  are  reipiired  and  the  strips 
aie  therefore  taken  to  be  vertical,  see  tii;.  .'5.  The  bow 


Fiej.  3 Division  ul  o sliip’.s  foiohody  into  votticnl 
strips 


Iiiip.ie!  fill  ee  and  .1  Vi  I .i;’.i  pii-  no  .i  i e i .di  u’.i; . i ! ■'  i 
1 ai  li  st  iip  by  nil'.':  ii'i  "I  the  ini  I hod  d-  ei  de  t ■ n t ■ 
p’  I \ ions  pa  1 .1  ;■  I aph , 'I'lie  t oi  ei  ate  1 h*  n :a;  i..  ■■ . ■ ! to 
;-l\i  tile  lesiill.iut  \i  llual  load  on  the  Ion  t . !y  • • .1 
•j>.  i ifiid  nnniber  of  points  in  lin.e.  I■■ln;dly  . ■ia- 
.impliliide  and  duiation  of  the  to. id  are  i''-'t;n  .:t' d 
Villen  this  is  approximated  with  a lialf  siiie  fum  t on. 
v.iiich  is  a convenient  form  for  llie  puipiiri  of  cai- 
eiilatiiip  the  result  in,:;  stiesses  t.Vppii'.dix  .\  e Tins 
lesiilts  111  a force  of  short  duration  (approx  1 d J 
SI  e ) and  of  siuiiifieant  mayiiilnde  in  nio-i  i.  i..ii- 

I ii  'IlS 

111  the  previous  p.iiaitiaph  the  non  line:, r f.  .■.•u!, 
of  the  hydrodynamic  loads  due  to  bow  fl  ire  w.is 
mentioned.  We  now  assume  ih.it  tl."  hjdii  lyn.fv.ie 
impulse,  beyond  that  obtaiiud  by  lir.i  ar  tbioiy.  is 
such  that  its  effeel  upon  the  sb.iji  inotKiris  is  : i J i- 
pible  This  im)ilies  that  relative  im  tior.s  a.s  ; ir.d 
I'v  lunar  theory  are  aiiplied  in  eoiijuiietion  v.  it  . ’in 
,ihiive  imp. let  theory. 

'i'his  .issumpl  Ion  eonibiin  d with  the  tii.-.nale 
wave  iiiiproximation  h ads  to  .>  pioliabde  ivi’  iie- 
diction  eif  tile  loads  in  aecord.ir.ee  with  nn  d.  ! t 
to  wedcii  results  from  oar  eorriinitcr  program  ■■•.ve 
ileell  c.  iniliared. 


■l.'l  Alt  idealized  stoehastie  deseri|ition  ol  loads  in 
raiidoin  head  \*  a\es 


.\s  described  in  the  iirecedin;^  Seel  ion,  the  hyd.ro. 
dynamic  force  imiiosed  uiion  a strip  is  .yoverr.i. d by 
the  vertical  relative  motnm  and  the  vertical  ici.iMve 
velocity.  In  .i  station. iry  st.ite  iT  tirrepulnrl  u.rvis. 
the  time  fiinetions  of  these  two  are  random  variaiiles 
wb.ich.  can  be  di  fined  by  a variance  vs,  frequone.v 
I u;^. ) spei  t rum.  fr.;.  I,  and  their  .single  arn[i.'i!  a ie.s 
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Fiq.  4 Responso  spretrn  ftir  rrlntivc  motion  and 
volocily. 

R.Yl  and  ItV  have  a probabdilv  of  exee.daree  de.^ 
cribed  by  the  well-known  Ibiyleiuh  distribution  for 
HM  this  dist I ilnil ion  reads: 
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We  euiisi'itT  nuw  fur  simjilieit\  iiUi'inine  wavs 
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I Th-‘  tine-  variatiuii  uf  the  ulealu'.eii  relative  velo- 

city is  1 'riuilic  with  the  same  periuii  1 as  tl'.e 
relative  niutiun.  ( .Uistifieatiuii  of  this  assumption 
is  i htaineil  hy  eunsiileriipy  actual  response  spei't- 
ra  1 . 

The  amplifuiie.s  KM  an. I KV  as  iiiealizeii  follow  the 
K.aylei'rh  ihstrihiition  foi-  the  actual  K\t  ami  KV 
peaks,  vq 

j The  simplification  that  KM  tmil  KV  have  equal 

j p.-riotls,  which  are  also  invariant  in  a ^iven  sea  sta- 

' to,  leails  to  a fi.xed  relationship  hetween  i orre.sjioml- 

I inj:  pairs  of  amplituiles  KM  ami  KW 


I 'mpl'.v  in.;  lie  iiietho.l  . xpl.iineil  in  paraijraph  ‘.1.1 
t!  ■ '.■I'.'.il  h'l.v  foie.  I V , eoi  |■l•spoIllilnl;  to  a !;i  veil 
pill  I<\|  ' 1 III  1.  call  iilat.  .1,  Since  this  force 

Mill  iiii  i.-.ise  in.  iiutunuiisly  with  uiereasin;’  KM  (.anil 
K\  It  I i.  i.hlv  ih  ihiceil  that  the  probability  of  ex- 
iic  liiii'e  f,ir  iPe  how  force  is: 

(;(l  , - U(KM,)  U(KV,)  (7) 


This  1 elati.iiiship  provnles  a iios.sibility  to  establish 
til.  p;  obahility  .list rihiit ion  of  hy  as  follows: 

h'or  v.  ral  levels  of  how  Immersion,  i.e.  for  seve- 
tal  values  of  K.M.  til.’  eorrespon. linu  nni'.’nitiKle  of 
1 V 1 ■ .'ompiite.l  The  inohahility  for  e.xceeihni;  the 
liulivi'liial  l.'Vels  of  l;.\l  IS  ohtaine.l  from  eq.  (."0, 
win. 'll  111  vi.'W  of  ei|.  (7)  lel.ls  the  probabilit.v  for 
excee.lin;;  the  eorrespoilillri"  forces  hy. 

3.  Hull  responses  to  bow  flare  forces 
Th.’  hyilrnilynamic  force  acting  on  the  hull  entranee 
will  cause  ail  acceleration  of  the  ship  and  a distri- 
bution of  benditio  moments  along  the  hull,  'riie 
siiiiplci't  appri'ach  is  to  consider  the  hull  as  rigid 
and  with  uniform  mass  distrihution.  However,  e.x- 
[leri.'ticc  has  shown  that  impulsive  forces  of  the  pre- 
sent nature  arc  often  accompanied  hy  hull  vibration. 
The  somewhat  more  complicated  approach  taking 
hull  di'formations  into  account  may  therefore  some- 
times he  icquiri'd.  The  present  section  presents  some 
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Fig  5 Eliiciclalion  of  tho  procuduru  cniployud  to 
dorivp  tho  bow  foico  prob.ibility  dintrihu 
tion 
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ll'  I lu*  siiip  IS  ci^Msuinvc!  [n-i  U-t‘tiy  !;;;i‘l.  ‘1*'  iivo 
Hiui  |‘itch  mntion  i\uis<’il  Uy  Uu'  v.  i tii  iil  i '-.v  l.n'f 
will  is-  (lelcrmiiu'l  liy 

(SMM-)Z(O)  I'v 

lC=F\L/2  I '.'I 


- sliip  iiuss 

M‘  = jiiileil  m.i-.^  of  wjtcr 
Z - \eitKMl  jcccli-’i.itioii  at  ccnlie  of  ji.;'.,ty 
Supi'O'it.si  til  looaicJ  aniKi^lup^ 


1 ^ ''ou  foivO.  fiii’.Ltion  of  ti’iK' 

1 = VL-iiual  nioincnt  of  inertia  of  tlie  s!.;p  J 

adr!f'l  inavs  ot  uaier  - (M  + M '1.'  12 
C - pii^li  aeeelciatioii 

L = ship  leiicih 

Tile-  V.  rlieal  .u-eeh  1 atioM  at  a <!i:-ta:.>e  \ from 
aiT'.iiiships  ihiruii;  llu’  loiei'  action  is 

Z(\)^ZtO)  + \0=tl  +o\  (M  +M') 

Till’  IsMilinp  nioiiii'C.t  at  a pi’inl  is  ii'ai.  ii.l  by 
Minaninp  lip  tl'.c  iiioii’.cnt  cont  l ib  it loii',  tron  ■niw 

(one  ami  the  foia-cs  ot'  incitia  t'loin  tf.o  i v.  to  (he 
|>OIIlt  x' 

L'2  .. 

M^t\')  = (L,2  \H'  rni/(\)(\  \')2\  (11) 


M,(vl  = icrtical  hemling  iiionicnt  at  \ = x' 
m * sliip  am!  fiiiiJ  mass  per  unit  iencih  - (M  r M'l'l, 


Ir'.i  Jaciiip  .ll''  ;.i  !!■  i;'vcs  ti-.c  ; :no- 

n..  :.l 

M^(f|  = i(|a2$  4t'  xt'>|,^L  (l-jt 

i»iietc  ^ I A plot  of  the  function  M ( $ ) I L i>  psen  in 
hie  M as  the  cuise  obtained  tor  the  hull  ssilh  inlniite 
natural  Irenueney. 

Maximum  licndiii!:  moment  is: 

^'‘v.ma,x  = 0 US  FyL  for  $ = x, L = 0.1(i7  (13) 

The  buoyancy  forces  and  the  eoirespondiiT’  aecb- 
lotatioii  component  do  not  conlrilnitc  to  the  bcndini; 
I’lomciit  when  tin  sliip  is  ap|iroximatcly  unifoiin. 

i<.'2  t lc\il,|,.  hull 

Tile  lioiidtn^  moment  of  the  ship  induced  by  bo\c 
llart  loii'cs  m.'\  also  b»  stm!i*d  in  terms  of  normal 


II..  ■!■  ■■  rill,  niiib  i.!  co.i.  lie  II  . si  boll  .a  to 
!■  ! 1 1 o tin  I'.i ! n I at  f 1 1 ip..  nen  . a ; pi  oa.  h it  I ii  t ' ,t 
o!  I . I . .ilso  1 1 I |'o..slblbl  > l.i  • 1 e !_\  1 bo  < 1 1.  I I 1.1  ! !.  \i  • 
bilite  on  tile  1 cn.imp.  nioiin  nt-s 

'I'bc  \'  ill!  .d  nn  lion  of  M o slop  ma\  in  a nei.il  in 


/ 1^ . t)  = w di  (t)  C/,  tO  till 

rill-  nio.K  sli.ipo  functions  v | .ire  cliosi  n to  lie 
diira  i.e'.onh --s  and  with  unit  value  in  tin-  1 w Tho 
. ..  .| 'linalc  thoiifoic  .Icsci  ibos  the  liow  . lisplacc- 

m.  nl  I”,  tin  t r.  s 

The  n'.iex  1 I .111  be  i lioscii  .1,  tile  nunil'or  . f no.lcs 
, f M . fa  'll  i ll  .111.1  1 1 Mill  ; dcsi  ribo  the  ho.i\c 

..n-l  pit  h niodis  respect i VI  1_\'  itowiv.r,  ..ineo  the 
' . l■.iln.;  111.  lUout  will  now  lie  do. Iiiei  d fi  oin  Ma-  d.-- 
f.  ■' teat  tai'.r.  tins,,  two  tno.li  s m.iy  be  omitted,  le 
cii  i.s  ' ‘ ^ • \ do  not  ciitit  I ibnt  e to  tin-  del  ot  mat  ton.  1 h.' 
snintn:;' '.on  will  t bus  111  tiiKon  over  i '2.  .3.  I.’  ' • X, 
, . rr.  ej  . I'dini;  l.i  tho  no.le,  1 ii.i.K'  ' ' ' X'  no.io 
na  .-los 

'i’b.'  iofoi  mat  ion  of  tlu'  sb.ip  is  doscribid  by  tile' 
i; : , ; t i.il  epilations  of  the  normal  eoorii inales. 

pj  Im-Uj  i(  1 I C*b|  i-l i “ J V ^ ^ ^l  1 l.i ) 

will  re 

a,  = damping  factor  of  mode  i 

uo,  -eiienlat  natural  tiequeney  ot  mode  i 

fj  - meitia  eoeffieieiit  ot  mode  i. 

fa  n Mu  t'ow  force  ami  shiii  ileforniatioii  is  zero 
up  to  time  I (1,  which  may  always  be  realized,  a 
pem  ra!  solution  of  this  epnation  is  the  convolution 
integral 


‘^1  'i  1) 


iillejj  (t  t)  F^,  (-)  dr  ( K’) 


Now  tile  vertical  heiuling  moment  of  the  hull  at  a 
lo.  iti.  n X 1.  is  express!  d liy  the  normal  mi'ile 
rooioeeiitation  t h rough 


, a'- 


M,  (;.t)  FI  1/ 


N FI  L‘  ^ ^s>  V tii  ft  t)  . ! , , ! . 

= 1 -—-,-7  — --  j ) e sin  CO,  (t  7)lv(T)d,- 

I '■‘•’i  'i  d o 

where  F'.l  is  the  vertical  bending  stiffness  module  at 
the  location  x = $ L.  This  eximession  is  valid  for  an 
nrt'tfrary  vertical  bow  force  process  and  also  for  an 
arbitrary  dislrilmtion  of  mass  and  elasticity  along 
the  hull.  One  has  to  determine  the  shape  of  the  na- 
tural modes,  the  natural  frequencies  and  mass  eoef- 
ficifiits,  wliieh  is  a standard  problem  with  many 
tools  for  solution.  In  addition  one  has  to  find  rele- 
vant values  for  the  damping  coefficients  in  the  eases 
when  the  solution  is  sensitivi-  to  ilampinj: 

3.3  I'h'xihle  iiniforin  Iiidl,  seniisiiiiisoiilal  fori'c 
T»t  or.li  r to  stud\'  tlie  inflneitee  of  1 lexit'iht \‘.  d imp 


3rrw  ie.  ';i'<ii  fe- ^..l•rtr 


b)  INSTANTANEOUS  BENOING  MOMENT 


f iij  n 


a)  FORCE  CYCLE 


TIME 


A M'ri'^isinusoid jl  forct*  of  dur.itiop  1 ?5j  is 
f.ho.vn  in  n)  In  h)  is  ciisp Lived  tnt*  bending 
m>.'  lu-nt  profile  elong  the  hull  .it  a.f'’e''ent 
iir’'-»s  dining  the  force  cycle 
(Lii  •foini  hull) 


I 


inp  I !i  1 :i  1 nv  tlan-  fore  s,  it  is  i onveniont  to 
l’.\ . .-tipati-  .1  i 111  tiiiilar  siiip  forci'  nioiiri  whrro  tin* 
In  a Id..  r;;o([i-  nl  is  olitairuni  as  an  analytic  i.'.prcs- 

S i • . f ' 

For  this  pnr|ios>'  a iimforin  sliip  will  !h‘  stii  iicd. 
Unifoim  sfiips  tiavf  Inn  ii  tlioronplily  invostipat.  d hy 
(III  vi.'  i.-.  .nithois,  for  instance  Ly  Itislu'p  ct  al  d.  7 . 

'ri:.-  !■  ir.  ifi.'Ti  of  tile  hendinp  moment  in  this  lasc 
is  ;i . • Ill  App-  ndi.\  A 

Ate  .‘i'.-  r ] a; .a met-  rs,  the  In  ndinp  m.  ment 
it.!'.  ! '>  tie-  I'ou  tiare  foicc  will  tiep-nd  on  the 
fl’  I ill’,.  ' ' tin  hull  and  tile  dampm.i;  of  tiu-  no-  mal 
111  ■ itn  ns  .\.s  .1  measiite  of  flcxihihty  or  stiffness, 
w ii'c  the  natiir.d  freiinemy  of  the  li-node 

is.i  d \ ihi  ation.  I ■’  = toj.  J r .\s  a measure  of  d. unp- 
in 1 1>  I !.  I til  pi  tip  I .itio  'X  - a / cj  will  he  used,  and  this 
■ pi  inti’.v  will  ln'  assumed  ef|iial  for  all  modes. 

Foi  this  pait  of  the  investipation  a teal  case  will 
he  eoiiiddeted  where  the  main  iiarameter  values  are: 


I'ui.itioii  of  how  foiee  l.^.as 

Two  noiU'  moile  natuial  period  O.S  s 

Tuo  node  mode  frecpieiiev  l.'J.aHZ 

['ampinp  t.itio  O.OL’ 


The  h.  ndin.p  moment  is  .piven  dimensionless  with 
It  v|  .I  ; to  I fill ee  aniplit iiile  X ship  lenptli  I. 

Tin  ill  ti  il  l. Ill'll  of  heiidiiip  moiiieiif  aloiUT  the  hull 
thiii:t  tl'..  foM'e  i',\ele  ii.  displa,\ed  in  ti..:  t'»  It  is 
ol.'.  I'.i.l  th.il  the  111  itiliiie,  moiiieiit  eontaiiis  an  im- 
pnlsi  lompnni  lit  v l iih  prop.ipates  h.iehwards  a'onp 
I III  I;  .M  ihi’  in;;  the  fm  i e .lef  ion  The  m iximnm  h-nd 
ini-  III. .lie  lit  i-  1 It  ipproxiniali'ls  to  eoiiuide  «itli 


the  nnixintniii  foice.  The  Uiipesl  lieiidin.p  moment 
value  is  H l"s  ind  is  experieiieed  at  ahout  J — 0,1. 
These  values  eorresi'ond  to  a Iviidinp  moment  of 
0 1 I's  at  J 0 li’>7  in  I lit  I whii  h w:i.s  derived  for  a 
perfietly  ii.pid  hull  It  is  thus  seen  that  llie  flexihi- 
lity  Pives  an  amplification  of  .t  I ■'r  of  the  maximum 
I'endiii.p  moment  in  this  ease 

To  study  a rather  more  elosely  how  response  depends 
1.11  I'ipiility.  the  mid,..iup  hendinp  moment  is  I'lotted 
a;;e,inst  le.e  ''  m de  f|.  i|uene\  in  fi.p.  7 It  l.r  ohsi  i ved 
that  for  th..'  piiseiit  force  tla-  infhienee  would  he 
nepli-pMi  at  natuial  fi  .■.oieii.v  of'.'  II::  This  usult 
indi.Mtes  the  itlle  li.  li  li  a hoe  force  'i.is  sh.irt'-r 
din:itio!i  than  2 • . n:itni;il  li  iio.ie  pi  riiHls,  tlu*  Ili'Ni- 
hilil  v slieui.l  he  tahen  into  .leeonnl , 

Tin  lesi'onse  eiiive  in  fip  7 is  indicated  for  some 
altern  ative  wilin  s of  the  dampinp  ratio.  The  actual 
values  of  the  dampinp  lalio  for  real  shi|<s  are  known 
to  lie  hetween  tl  and  0 il.'i  in  e for  instance  ;8  . In  this 
ranpe  it  is  eonelnded  from  llu-  fipnre  that  the  hend- 
im;  moment  is  only  sli.phtl.v  dein  ndeiit  on  the  dain|i- 
inp 

To  investigate  tlie  transient  \ihrations  indueed  hy 
the  hinv  force,  fi.p.  .S  has  In  eii  piepared.  This  fipure 
shews  the  niidsliip  hendinp.  niomeiil  iinlneed  hy  the 
huw  flue  foiee  of  diir.ilioTi  I • s It  appeals  lli.'it 
the  aniphliid"  of  th..  ti  .iiisieiit  vihralion  is  only 
I'liiiiil  1 1(1  ot  till  lespoiisi  Milhiii  the  foiee  action 
I'ltiod.  Ill  till.,  uspeet  tl.  h.iu  fmees  slndiid  hen 
an  of  a (piite  I'.iffi  n iit  miliiie  fiom  the  sl.uiiminp 
foiee  and  uhlppiap  le.poiise 


i 

I 

I 

i 


Dimensionless  bend  mom 


Fig.  9.  Body  plan  of  the  actual  ship. 


SHIP  DATA 

L>ngth  helween  perpendiculars 
Draugl'.t  (even  keel) 

Beam 

! hsjilaeement  (A) 

165  m 

S.l  m 

23.6  m 

23000  tiins 

Table  1 


TIME  ( sec  ) 


Fig  3 TiTie  v.K  I, ition  of  midbiiip  bending  moment 


4.  Application  to  fast  cargo  ship  in  various 
sea  states 

The  ptvviously  mentioned  computer  piofjram  has 
been  employed  to  calculate  loads  and  bending  mo- 
ments on  a ship  which  was  seriously  damaged  some 
vcais  a.go.  One  of  the  most  striking  qualities  of  the 
ship  is  the  small  stem  angle  ( - 47,5")  giving  rise  to 
tremendous  vertical  imiiaet  forces.  The  ship  had 
1 Hither  an  extreme  bow  flare  and  a ii'latively  high 
may.imuin  spe  ed  ( 21  knots). 

Kig.  !t  shows  the  body  plan  and  table  1 gives  tl’.e 
lelevant  sliip  d.ita. 

The  mini  objietl\e  of  this  application  is  not  to 
piesvnt  quantitatively  reliable  re.snlts  for  this  jiarti- 
culai  ship,  bill  to  indicate  how  varit'us  p.iranuters 
MU  It  as  sia  si.-,ii.  |,iul  sliip  sp  ed  iii.iy  infhunt  e the 


It  suiting  wave-induced  bending  moments  an  1 stres- 
ses, ,i;ui  h.ow  these  moments  and  stres.scs  vary  along 
the  hull  Till'  influence  of  how  flare  sliape  is  luit  eoii- 
.d -ltd  cut  an  iiuiieatioii  of  the  inuHirtanoc  I'f  this 
uatuic  IS  given  in  apiieiiiiix  B. 

T'he  foremost  quarter  leiigtli  of  the  slop  was 

divided  into  11  vertical  strips  of  equal  Icn.gth.  

The  relation  helwecii  vertical  relative  motion  ll.M 
and  veilical  relative  velocity  Uv  for  triangular 
waves  was  given  in  eq.  ti.  These  relations  were 
determined  for  five  conditions  consisting  of  two 
ship  speeds  combined  with  three  sea  states  by  means 
of  a comparison  of  the  response  spectra  of  IlM  and 
IIV.  The  wave  period  corresponding  to  the  coninioii 
peak  value  Tj^was  then  used  in  cq.  0 (see  fig.  1). 

Between  u and  12  values  of  UM  land  UVi  wcri' 
lueil  as  inpul  to  th.e  eonipnler  pro.irani,  each  value 
of  K.Nf  giving  ono  valiio  of  vertical  iinpaet  fore.-  h’^ 
for  ('(met ant  ship  sj'ced  and  sea  slate. 

1,1  C.ileiilateil  l>•llgillld^llal  stresses  in  dei'h 

T'hiic  Si-a  it.itc.s  v.iio  ci'liet'd  to  d-uuoast ; .I'o  il!,> 


liiflru  tit  \s.i\f  aiul  \v:ivr  juTUHl-'  osj.»«  j 

• III  t ill  ' Kif  ’ i (It  !■  i.i' 1 I .111(1  l^■^.|l(lIlst■^, 

'1'1;(  -(■  S(  ;i  Ktiiti  ^ Ut  il'  ( liiiai  ii  funn  tliii  i |■(•as,'l!l■  " | 

I il'.'t  ..  ((f  M'.;iiit l(■.^llt  v.:ivi‘  lici  ilit  !1  I ; siri;,(  ( t ®'’'  - • j 
I ‘ ti  i(  (’.  !i:ivi:i  lli.it  til*'  ( l’..ir,ict(  ii.iti  ’ \v.i\*'  (‘I' 

ii("-  iiMtii'cr  s siidiil.l  in*  I '.iO,  wiifii*  0 IXX)  • 

11  PI  1 ' 

‘M  'i  ■ 

s : , IS  I 

2 TT 

'i'vi.i  .-[i*  (-is  v.cic  ciin.siili-ii  ii,  tin  tiiit!u-<t  . in-  j ^ , 

lac'  a tii  a**  nit  almvi'  tin*  tnaxiiniiiii 

.sj'.  1 .ictii.il  -.lull. 

Tic  •'It':-  r*  lit  (■(it'.'iitiiiiis  ail'  s|ii'L'ific(1  aiiii  ii.-it*  *1  in 
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CVA.I-  1.1  • 
IMIS  us- 


es fn  I 0 
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.'<11!!’  Si’r;!0I'l 

H /I  Tv^d"' 

\ 

CO.\l>ITI<3.\ 

.Vo, 

Si 

1 

ni.s  1..S 

.1!' 

• > 

OKS  K.s 

.::2 

.O.iti  2.2 

.19 

\ 

OoO  2,2 

.32 

, > 

O.-i.S  2.7 

.!!• 

r.ible  ? Cofi^icltuced  conditions  of  ship  speed 
end  sen  state 

X(  ti'  tiait  nia\  stiiji  spi'cl  is  oimttoii  fur  the  worst 
S(  a sta'i  . hicc  it  winilil  roiirt'sont  a too  unrfaii.stii' 
;'a  I'. 

Tile  I'l  'Mitiiiin  vaiiii's  of  tlu'  tirnilmt;  innments 
ildti  t!  ■ h'lli  as  ;.;iv,  n in  i'i|  IT  arc  sliuwn  in  li.c 
in  fill  til*  fr.i*  (situhtions  Tiio  vahit-s  i;ivi*n  aio  thi' 
11.;  | i(  ! .’'ii'  i.iritc.st  valiu's  in  a time  I'l'riiK.i  of 
it  .it  I ii  ir  in  di,!--r  t'l  in.iu'atc  tiic  vaiiatin-t  of 


I lO  ::  r',  ."(n.:.' at',  cist- iiiiition  of  vertical  bend- 
I-;)  nio.'nent  at  about  L-'3  aft  of  F.P. 

tile  i '■iiiiiaa  rauniont  for  ilifforont  proiiainiity  li-'vois 
fi.,  11  i-(  iiiii’aivii.  whoro  tho  nu'titod  of  lonst 

lapi  !i(  S i.-  ( inplnyfil  td  fit  the  i’dtn[iuteil  valiit'.s  to 
straiplit  lines. 

On  tile  iiasi.s  of  tSie  raicnlateii  beiiiiini:  moments 
and  ai'tiuil  seetidiial  inoduli  tile  liendin;a  stress  liistri- 
Initiiin  in  deeh  iva.s  eoint'iited  and  liie  results  are 
.ivcn  in  fiys.  12  .iiid  Id.  .-Vcain  the  |irobaiiility  level 
n.'.ed  ei’i  lesponds  td  nne  e.xi'eedance  jier  hour. 

I’i'a:.  12  revtals  Unit  maximum  stresses  shiniKi 
on  ur  b'-tweeii  1.  S and  L I from  K I’.,  which  is  in 
a.;: cement  with  the  damage  picture  of  the  aclu.al 
sliip.  It  a!s  I indii  ates  Unit  the  computed  stress  K'vel. 
althi'inr  tl.is  should  be  eimsidi'red  only  as  an  order 
of  m ic.nitnde,  is  rather  hi.uli. 

.■\ctu.dly.  It  is  several  times  h.iciier  than  the  ordi- 
nal w.’‘.a  bi'iidin;..  sti'i'sses  in  the  Cimsidere'l  sea 
states:  a:  I it  mi^ht  b.'  hiidi  enouch  to  iirodiice 
bu.blina  and  even  yieldmc-  of  Kin.yit iidin.al  streiiyth 
eh  inent in  th"  .leeb. 


dm 

i'EAVY  LINES  En=0  32 
C'Oi  THIN  LINES  FniQin 


' H-  ! 

9 m 

IT  6 m y 

3 m 

heavy  lines  Fn=0.32 
THIN  LINES  Fn=0.19  y/ 

Kptrr 

1000  / 


fiC|  10  Most  piob.iblf  laiijdiit  (londintj  monient 
aniitlitinl.'S  during  one  hour,  at  d’fforent 
p.i.'.ituini!  dl.iruj  tht>  hull 


f k;  1?  ,\'(iid  ()■  I'b.iblt'  I irijo:'*!  loiujitiidinal  stro.si 

i:i  din's  ibning  l'l’•'  Iuhii 


A 

jJOO 


Fuj  t.'?  ptotjol'le  Liipest  'anqt.tuiiinjil  itross 

in  dock  (durinj  ono  liour)  at  1.6  aft  ot 
F P ( iicic  i) 'V  ).  Infliienro  of  soa 
stati.'  and  shiii 


I.  ; I III  liii'iii  •'  "I  ■■lii|i  s|u'ril  .mil  '•r.i  sliiti* 

If  : I’l  vi'ii'iil  il’.at  thr  slii|i  s|h-i.1  stronidy 

■ ifti'c  I*,  t!'.'-  I n.’  iiiip.u't  foi'i'i's  ,iiid  .issm’i.iti'd  St  i i s- 
..  i \!.i\:riitun  .unplit mii's  i.f  strrss  in  d.  . k foi'  tin' 
luo  -Ini'  spiids  .in'  llii'i'clon'  slnnvii  in  fi'a  la  as  n 
fniK'l  !i '.’1  "T  M ,niln'nnt  n';ivr  hi'ipi'.t  fJ  j 5. 

Tl'.i'  I ff'  I I I’f  .1  spci  d niiiK'tuin  niuior  lio.ivy  son 
dif.i'tis  III  iinior  III  piovont  liii;h  strossos  in  dook 
IS  I .'ii'i’toi  :iMo 

k'l.:  !.'■  ils.i  slinus  ihni  for  ,1  aivcn  ship  spon!  llu 

stn-sos  will  ii'.c  i onso  pfoprossivi  lv  with  inoroasin.: 

si';:’..fKMiit  u;'.vo  iioiuht  At  II  | I'd  3 ni  Iho  stressos 

aio  nl.itivolj  modoiato.  Tins  n.'iiliiioar  I'i’havionr  is 

onsily  nr.dt  rsf ood  in  vu  w of  tlio  strong  influonoo  of 

how  fl.ii'o  si.  no  I hioh  iiKnasos  with  distanoo 
uy 

fi.  ill  Ml'  '0  1 1 1'l  pl.i  no  I and  th.o  ro!.iti\''.‘  \olooit\' 
t F Ti  RV' *'»  H j ^ , .IS  disonssi  d in  .\ppoiulix  ll 

I .!  X.itiiro  ot  statistiral  short  loriii  ilistrilml ion  of 
strossos  proiliiooil  ti>  Imw  iiii|iai'ts 
I'.y  I’vans  of  iho  molhod  of  least  sipiaros  a straight 
Ino.'  \>.,!s  fill,  d to  tlio  calciilatod  bonding  monioiits  of 
oaoli  condition  on  tho  Woibull  piob.  impor.  This  ro- 
sultod  in  a fairly  pood  ai'proxiniation  (fip.  Tl)  and 
the  results  m.iy  Ihoroforo  bo  oxprossod  by  moans  of 
a Weihull  distribution,  i.e. 

giMv>X)icxp(  (X/A)"M  (19) 

'■  boro  tho  paranu'tors  A and  m arc  displayed  in 
Table  d for  the  various  oonditions. 

IVtion  llicso  paraniotors  aio  dotorinined  it  is  pos- 
sibl.'  to  ostiriiato  Iho  most  probable  larpi.d  bondinp 
nioiiiont  diirirp;  \ responses  by  sottinp  Q TN  an.i 
thus  obt.iiii : 


■ 1 us  I ■.  ly  I ‘I 


AC 

' • ter.!’  ct’niubt  hne  ccn’paied  to 
eoni|:uted  voiues 


coxn.  xo. 

A 

ni 

1 

O.OOi'i.dT 

0 ‘.'I) 

0 Oi  lO  H 

0 !l  1 

;{ 

0 OUL’7 

S5 

1 

0,00 12 

(T77 

5 

O.OohS 

0 .'Ml 

Table  3 Pai  .imctei  s of  Wo;b'jll  d'Stribution  f.ttod 
*0  conipLiti  d slu'at  ttriiTi  disti  ibiit.oiii;  of 
bondim.]  nipment 

'’V.  nu\  = ■■Kl'iX) 

This  equation  is  v.ihd  provi.iid  tliat  the  s.  .1  state 
may  bo  eonsidered  as  .1  stationary  wave  system,  i e. 
as  I.'tip  as  the  siiort  term  ’partinieti rs  A and  in  are 
eonsl.int. 

It  will  h.'  notieed  that  th.’  exponent  m is  fonn  i t.i 
he  s II  sy  nil  the  av.  rape.  winK-  m - 1.0  would  'oiv.. 
an  i xponential  dist nh.nt iem.  T'lis  nie.-.-ars  1 . .is, .ii.iMe, 
sine  - .1  .iiieet  proi'orl  ioiiahty  b. 'tween  the  '-..vc  |;,i. 
lia.'t  f.  roe  (Ky)  and  ItV-'  would,  sinee  K\‘  is  Kay- 
i.'iph-dist nbute.l,  resnll  in  an  . xpotu  ntial  distrilni- 
tion  for  I'y. 

5.  Conclusions 

(i)  Itoth  full-scale  measurements  ami  ctikiilalions 
indicate  that  stresses  duo  to  liow  flare  impact 
can  attain  eonsiderable  mapnitude  in  the  entire 
forebody.  Maximum  stress  oeeurs  about  L (i  aft 
of  fwd.  perpendicular. 

till  Hull  flexibility  must  bo  inohulcd  for  [iropor 
ovaluation  of  stress  responses  to  bow  flare 
forees.  Calculations  show  tiuit  a dynamic  ampli- 
fication takes  place  when  the  force  duialion 
mati'lu's  the  natural  periods  nf  the  loill. 

(iiit  IiU'i'easinp  w.ive  slei'pness,  .'  Ini'  s]>eed  ni.d  Ver- 
tical relative  v.'leeity  ;il  how  will  1i  ml  1.'  in- 
eiea-..'  (In'  stuss  t espouses  itionply  Tin-  in 


III. 'll.  I-  Ilf  ilnii  :,|it.,l  I",  I il.it  ivi'ly  Him  li  s'nm 
‘.•I'l’  ill  scvi  1 r s»'ii  SitiiU’s 

lu'  ’I'h.'  Iitnv  fliir.'  iiii[.m,t  fi.n-.  iiu  i .iist-s  ii[i|ii.i\i- 
imit-  ly  III  |ii 'ij’i.rtiiiii  In  tfu-  si.  nf  thf  shifi's 
s.ilc*  Isl.ijir*  i>!  lliiro). 

i%i  It  iii'pcius  lliiit  lilt-  sluirt  term  ilisti  ihuti.iii  of 
li'iiii.s  ii.’ul  strtssfs  iliif  to  hi/W  flare  iiiiiiaet  can 
! 1 as.inalily  uell  he  .lesenh.-d  by  Wi’ihiill  |in'ha- 
l ihty  ilist I ibutioiis. 

Appendix  A:  Response  of  uniform,  flexible  hull 
exposed  to  semisinusoidal  force 
111  l! ■■  e is.'  of  a uiiifui  ni,  fU  xihle  hull,  the  .ief.ii  rna- 
Ifii.  .lie  the  same  as  for  t rar.svei  sal  \ihra- 

tii  ef  ' sh  lai-  r,  uniforni  bar  free  at  b.  tli  eiid.^,  via. 


( ,.:4b 

t 2co.vp,  1,2  2coshp’j  L.;2 

I sin, 3 1 \ ^ siiihj3,  \ 

( 2sin^},L/2  2sinp,  L'2  ' ~ ^ 

p",  = ^ (21  1}  i = 2.  3.4.  ■ • ■ 


N-  ^leetinp  the  buoyancy  contribution  to  the  res- 
t'.i  iny:  ( >ices,  one  obtains  the  ei.;?en  frequencies  as 

OJ,  - = l:i  L ^3|  ',(\lfM')  (A.'2) 

wli.-ie  'M  t-M')  is  the  total  mass  of  the  ship  and 
."1  !•  d mass  of  water. 

'Ih"  in>  rtia  eoeftieienis  I’j  are 

T,  = (MmNr)  /y'lt^lJS 


/ (M+Nr,'~  - — 

\ Ij-'w'fJ,  I 2 

) tL--- 

I [mn-, , 1 2 


p .. 


cos^^i  I 2 cosh’pi  I 2 


i = 2,4,(..-  ■ 

i s 


>mh-pi  2 . 


(A.d) 

“ i = 3 . 5 . 7 . ■ ■ ' 


wb;  b.  1.-  api'i  o.xiinat.ly  . qual  t.i  iM  .-M'l  ■!  for  all 
nr  d 's 

As  a b.ow  force  convenient  for  the  analytic  study, 
ii  Si  .'riisin!is.>idal  foice  is  chosen,  via. 


I),-  > 2“,'’  (^i‘  ' ' <‘'jr 

1 b re  the  t w.i  fii  st  t.i  Ills  III  e mainly  determined  by 
111.'  diimninp  v.liieh  is  in  yeiietal  small  The  last  term 
’h'i-  indie.'it.  s tb.ii  the  bow  impact  force  m.iy  l ive 
I loe  to  Very  lar,;.-  li.  niimp  moments  if  the  foice 
diiiation  matches  one  of  the  natural  lialf-perioiU. 

Tile  tune  (Up.ndeiit  functions  F,  (i)  in  (A. 5)  are 
definid  in  the  time  interval  when  the  force  is  actinp. 


F,  (i|-(o.y  12-  e li,’ ) sin  f2i  2a|r2co>i2i 

(A. 7.1 

iloj,’  i2-  U|-)sin  to,  1 2u,cO|  c's  or,  il 

‘~i 

C 'i<t:,'f2 

Tnis  le-.p;  es.,1.1.-,  sh.iw'-  liiat  the  bendinp  m.imeiit 
lonsists  ..f  ..lie  ' 1 .nti  ibulioii  (the  two  first  ti-ims' 

■ Inch  f.  ill.iws  I hr-  i:ow  force  wiln  a certain  time  lap, 

.iml  on.'  e'.inlrib'.iti.in  m.ide  up  of  transient,  natural 
vibrations. 

In  the  time  after  ti'.e  force  has  disappeared,  the 
time  function  is 

(A. 8) 

j I j ^ ^ ^ 

= e [20,  f2(c  Costco,  t -;rto,,'f2) -Fcosto,  I ) 

(co,^  f2-  a,’ ) ^ (V  sill  (to,  t rtOj.'n)  + sill  to,  tlj 

77/n<  t <s« 

which  is  only  a seq'aeiice  of  natural  vibrations. 

Tile  position  ilepeiident  functions  ?;.($)  in  (A. 5' 
are  defined  as 


i = 2.4.(i  • •• 
(A. 9) 
i = 3,  5,  7 ■ 


These  funetioiis  liave  the  [iroperty  that  their  sum 
f iiverpes  towiirds  t'.’.o  bciulinp  moment  distribution 
for  a ripi.l  ba.i'  o'r;t;iined  in  1,3. .7),  that  is 


coslipb  LJ 

co.spj 

covh/5j  L/2 

cos^Jj  L/2 

sinhjjj 

sinjS, 

smhp,  L,'2 

sin/jj  L,f2 

V (■>  =•= 


I F^  sin  i2t  0 <t  <!(■  = 


i = 2 


(A. 10) 


otherwise 


Th'.'  force  is  displayed  in  fig.  Ga. 

A similar  force  applied  to  piano  string  excitation 
has  hci  n used  by  Lord  Rayleigh  0 . 

When  the  expressions  ( .-I  1 ) through  (A.'t)  are 
lutiiidiiced  into  (17)  and  the  integral  is  solved,  one 
arrive.;  .at  the  bending  moment  on  tbe  dimensionless 
fill  rii ; 

.M,  " OJ,’ 

In  this  expri-.'S-ion  the  fin.inti'i'  s I)|-  in  the  domi- 
II  't'lis  are  t!.-'  imp'  iidatic.'-lilie  i xpi  essiotis 


This  can  tie  conclnded  from  the  fact  that  perfect 
rigidity  is  ohtained  by  letting  the  eigen  frequencies 
to,  approach  infinity  in  the  equations  (s\.'7)  through 
(A.S)  which  leads  to  (A. 10). 

Appendix  B;  A simple  model  for  investiciation  of 
blow  flare  effects 

If’ith  refeu'iue  lo  !;  2 the  consii  vat  ion  of  inoini’nliim 
principle  impli'.'.;  t hid 

MVy  = (NUM-)V  <1=1^ 

such  Ih.U  (hf  Jmc..'  f fix  ( r )h  u;inoii 
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riiort  coofl'ii-i'-irt  ( ulii'ii- 
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Notation 


( .oaiUftcr  of  Wfibull  liistrihiitnui 
a - .•  aVt  arnplitiulc 

H .tHi  of  socliun  (Strip) 

( ^ a ! !'  •!  mass  cot*fficicnt 

C'  !.  [5ty 

J --  'i'auirhl  of  section  (strip) 

( kinetic  viieroy 

’-'.If  Ih.e  ar«*a  iiniler  the  risronse  ip'  -ram 
for  \ ( t ) 


LI 

^inip 

n, 

n 

f. 

H|  ; 
I 

I 

M 

M- 

Mv 

m 

n 

!• 

KM 

kv 
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' • ri'lit;:^  stiffness  tnociule 

«''*!iii  i.iclj  fliiui  impict  forr't- 

n’.ifril'ei  f ■ V ’ \ .cl-i 
s 

\ if!*  ll  Ii.*'.,'  fli!','*' 

, • !■  1 iti.  n il'.i**  to  pravify 
lutie.uit  wave  hi'iel’.t 

ivnt  I'f  inertia  ine!ii.i:n_'  a*;  i-i  la.i-s  ' f 
w iter 


.:,il.  l*'nptli 

.>tii;>  (strip)  mass 

aiMt’il  mass  of  water 

V*  rtieal  beraling  moment 

parameter  of  Weiliull  distribution 

unit  vi'ctor 

I t; 

1 :o!'.it,ility  of  eMie, •dance 
normal  ( * •* 'I'din'ite 
relative  rnoti  .11 
relative  veloi  ity 
surface  ,*f  inti'prati.m 
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